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INTRODUCTION, 


A SUMMARY OF CONCLUSIONS. 


The results of the study concerning the value of high steam-pressures in 
locomotive service, the details of which are presented by succeeding pages, 
may be summarized as follows: 

1. The results apply only to practice involving single-expansion locomo- 
tives using saturated steam. Pressures specified are to be accepted as run- 
ning pressures. They are not necessarily those at which safety valves open. 

2. Tests have been made to determine the performance of a typical 
locomotive when operating under a variety of conditions with reference to 
speed, power, and steam-pressure. The results of one hundred such tests 
have been made of record. 

3. The steam consumption under normal conditions of running has been 
established as follows: 


Boiler pressure 120 pounds, steam per indicated horsepower hour 29.1 pounds. 
Boiler pressure 140 pounds, steam per indicated horsepower hour 27.7 pounds. 
Boiler pressure 160 pounds, steam per indicated horsepower hour 26.6 pounds. 
Boiler pressure 180 pounds, steam per indicated horsepower hour 26.0 pounds. 
Boiler pressure 200 pounds, steam per indicated horsepower hour 25.5 pounds. 
Boiler pressure 220 pounds, steam per indicated horsepower hour 25.1 pounds. 
Boiler pressure 240 pounds, steam per indicated horsepower hour 24.7 pounds. 


4. The results show that the higher the pressure, the smaller the pos- 
sible gain resulting from a given increment of pressure. An increase of 
pressure from 160 to 200 pounds results in a saving of 1.1 pounds of steam 
per horsepower hour, while a similar change from 200 pounds to 240 pounds 
improves the performance only to the extent of 0.8 pound per horsepower 
hour. 

5. The coal consumption under normal conditions of running has been 
established as follows: 


Boiler pressure 120 pounds, coal per indicated horsepower hour 4.00 pounds. 
Boiler pressure 140 pounds, coal per indicated horsepower hour 3.77 pounds. 
Boiler pressure 160 pounds, coal per indicated horsepower hour 3.59 pounds. 
Boiler pressure 180 pounds, coal per indicated horsepower hour 3.50 pounds. 
Boiler pressure 200 pounds, coal per indicated horsepower hour 3.43 pounds. 
Boiler pressure 220 pounds, coal per indicated horsepower hour 3.37 pounds 
Boiler pressure 240 pounds, coal per indicated horsepower hour 3.31 pounds. 
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6. An increase of pressure from 160 to 200 pounds results in a saving of 
0.16 pound of coal per horsepower hour, while a similar change from 200 
to 240 results in a saving of but 0.12 pound. 

7. Under service conditions, the improvement in performance with in- 
crease of pressure will depend upon the degree of perfection attending the 
maintenance of the locomotive. ‘The values quoted in the preceding para- 
graphs assume a high order of maintenance. If this is lacking, it may 
easily happen that the saving which is anticipated through the adoption 
of higher pressures will entirely disappear. 

8. The difficulties to be met in the maintenance both of boiler and cylin- 
ders increase with increase of pressure. 

9. The results supply an accurate measure by which to determine the 
advantage of increasing the capacity of a boiler. For the development of 
a given power, any increase in boiler capacity brings its return in improved 
performance without adding to the cost of maintenance or opening any 
new avenues for incidental losses. As a means to improvement, it is more 
certain than that which is offered by increase of pressure. 

10. As the scale of pressure is ascended, an opportunity to further increase 
the weight of a locomotive should in many cases find expression in the design 
of a boiler of increased capacity rather than in one for higher pressures. 

11. Assuming 180 pounds pressure to have been accepted as standard, 
and assuming the maintenance to be of the highest order, it will be found 
good practice to utilize any allowable increase in weight by providing a 
larger boiler rather than by providing a stronger boiler to permit higher 
pressures. 

12. Wherever the maintenance is not of the highest order, the standard 
running pressure should be below 180 pounds. 

13. Wherever the water which must be used in boilers contains foaming 
or scale-making admixtures, best results are likely to be secured by fixing 
the running pressure below the limit of 180 pounds. 

14. A simple locomotive using saturated steam will render good and 
efficient service when the running pressure is as low as 160 pounds; under 
most favorable conditions, no argument is to be found in the economic 
performance of the engine which can justify the use of pressures greater 
than 200 pounds. 
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I. THE RESEARCH AND THE MEANS EMPLOYED IN ITS 
ADVANCEMENT. 


I. STEAM-PRESSURES IN LocoMoTIVE SERVICE.—For many years past 
there has been a gradual but nevertheless a steady increase in the pressure of 
steam employed in American locomotive service. Between 1860 and 1870 a 
pressure of 100 pounds per square inch was common. Before 1890 practice 
had carried the limit beyond 150 pounds. At the present time 200 pounds is 
most common, but an occasional resort to pressures above this limit suggests 
a disposition to exceed it. 

High steam-pressure does not necessarily imply high power. It is but 
one of the factors upon which power depends. ‘The forces which are set up 
by the action of the engine are as much dependent upon cylinder volume as 
upon boiler-pressure, and when the pressure is once determined the cylinders 
may be designed for any power. ‘The limit in any case is to be found when 
the boiler can no longer generate sufficient steam to supply them. ‘The rela- 
tion between pressure and power is therefore only an indirect one. But any- 
thing which makes the boiler of a locomotive more efficient in the generation 
of steam, or the engines more economical in their use of steam, will permit an 
extension in the limit of power. If, for example, it can be shown that higher 
steam-pressure promotes economy in the use of steam, higher steam-pressure 
at once becomes an indirect means for increasing power. ‘The fact to be 
emphasized is that an argument in favor of higher steam-pressures must 
concern itself with the effects produced upon the economic performance of 
the boiler or engine. 

2. PREPARATIONS FOR AN EXPERIMENTAL STUDy.—In view of the facts 
stated, and with the hope of ascertaining a logical basis from which to deter- 
mine what the pressure should be for a simple locomotive, using saturated 
steam, it was long ago determined to undertake an experimental study of 
the problem upon the testing plant of Purdue University. A few experi- 
ments involving the use of different steam-pressures in locomotive service 
were made at Purdue as early as 1895, but as the boiler of the locomotive 


then upon the testing-plant was not capable of withstanding pressures greater 
I 
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than 150 pounds, these early tests were limited in their scope.* The matter 
was, however, regarded as of such importance that in designing a new loco- 
motive for use upon the plant, a pressure of 250 pounds was specified—a 
limit which then was and still is considerably in advance of practice. ‘Thus 
equipped, an elaborate investigation was outlined, involving a series of tests 
under six different pressures, representing a sufficient number of different 
speeds and cut-offs to define the performance of the locomotive under a 
great range of conditions. But the expense of operating the locomotive 
under very high steam-pressures proved to be so great that the limited 
funds which could be devoted to the operations of the laboratory, in com- 
bination with the demands of students which could be most easily satisfied 
by work tnder lower pressures, made it impracticable for a time to proceed 
with the work. A grant from the Carnegie Institution of Washington was 
announced late in the fall of 1903. The first test in the Carnegie series was 
run February 15, 1904, and the last August 7, 1905. <A registering counter 
attached to the locomotive shows that between these dates the locomotive 
drivers made 3,113,333 revolutions, which is equivalent to 14,072 miles. 

3. Tue Trests.—The tests outlined included a series of runs for which the 
average pressure was to be, respectively, 240, 220, 200, 180, 160, and 120 
pounds, a range which extends far below and well above pressures which are 
common in present practice. It was planned to have the tests of each series 
sufficiently numerous to define completely the performance of the engine 
when operated under a number of different speeds and when using steam in 
the cylinders under several degrees of expansion. So far as practicable, 
each test was to be of sufficient duration to permit the efficiency of engine 
and boiler to be accurately determined, but where this could not be done 
cards were to be taken. A precise statement of the conditions under which, 
in the development of this plan, the tests were actually run is set forth 
diagrammatically in figs. 1 to 6 accompanying, in which vertical distances 
represent speed and horizontal distances the point of cut-off as determined 
by the notch occupied by the latch of the reverse lever, counting from the 
center forward. Each complete circle in these diagrams represents an 
efficiency test, and each dotted circle, a shorter test under conditions involv- 
ing the development of power in excess of that which could be constantly 
sustained. The numerals within the circles refer to the line numbers of the 
tabulated data (Appendix II). 

4. The locomotive upon which the tests were made is that regularly em- 
ployed in the laboratory of Purdue University, where it is known as Schenec- 
tady No.2. It is described and illustrated in Appendix I, where there are also 


* Results of these tests will be found published in Locomotive Performance John 
Wiley & Sons. : 
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shown several views of the testing-plant upon which the locomotive was 
operated. 

5. THe Data—wWhile it is one important purpose of these pages to dis- 
cuss and summarize the results of experiments, a most interesting and 
promising field for study is supplied by the unembellished numerical data. 
These deal with conditions and results which best serve to disclose the effect 
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of different steam-pressures upon locomotive performance. There may be 
drawn from them, also, other series of facts, each telling its own story of cause 
and effect. The complete exhibit of data from tests, together with a descrip- 
tion of the manner in which derived results have been calculated, is presented 
as Appendix II. The exhibit includes three duplicate tests, the designating 
numbers of which are followed by the subscript a. The results of those tests 
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to which the subscript applies are regarded as less reliable than others only 
in reference to certain details, the record of which has been omitted from 
the tables. All values which are given in Appendix II may be accepted 
as equally reliable. 

All tests at 180 pounds boiler-pressure were run by the use of fuel of a 
quality not standard to the tests, consequently all data which in any way 
depend upon the coal consumption for these particular tests are omitted from 
the record, not that the results are unreliable, but because they are not com- 
parable with others given. 

Except in those cases where incompleteness of record has necessitated some 
omissions, derived data are presented covering all of those relationships which 
have commonly been included in reports previously issued from the Purdue 
laboratory. Some of the facts given are not directly employed in the analysis 
showing the value of high-pressures, but their presence in the record makes 
the complete exhibit available as a means to a more general study of the 
conditions affecting locomotive performance. 

6. AN ALTERNATIVE FOR HIGHER STEAM-PRESSURES.—Previous publica- 
tions from the Purdue laboratory have shown the possibility under certain 
conditions of finding a substitute for very high boiler-pressures in the adop- 
tion of a boiler of larger capacity, the pressure remaining unchanged. If, 
for example, in designing a new locomotive, it is found possible to allow an 
increase of weight in the boiler, as compared with that of some older type of 
machine, it becomes a. question as to whether this possible increase in weight 
should be utilized by providing for a high-pressure or for an increase in the 
extent of heating surface. The results of tests (Appendix II), supplemented 
by facts concerning the weight of boilers designed for different pressures 
and for different capacities (Appendix III), supply the data necessary for 
an analysis of this question. Such an analysis is presented elsewhere. 

7. ACKNOWLEDGMENTS.—The research as a whole is the outgrowth of 
several different influences. Purdue University has contributed for a period 
of nearly two years the use of its testing-plant and its experimental locomo- 
tive. The university has furnished all supplies of oil and waste used during 
term time, has contributed the full time of one attendant who is the regular 
staff-fireman of the plant, and has also granted large liberties to those mem- 
bers of its instructional staff who are especially interested in the problems 
of the locomotive laboratory. As the work progressed and it became evi- 
dent that some reconstruction of the locomotive boiler was needed, the uni- 
versity did not hesitate to meet the expense amounting to nearly $1,000, 
of putting the engine through heavy repairs. In this work they received 
generous assistance in the matter of transportation from the Lake Erie and 
Western Railroad Company and in the matter of shop facilities from the 
Pennsylvania Railroad Company. 
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to the advancement of the work; also, to Mr. Louis E. Endsley, who, as 
instructor in the locomotive laboratory, has had charge of the running of 
the tests. Many students of the university have given their assistance as 
observers during the tests, and some have found a more extensive part in 
the preparation of theses involving certain groups of the tests. 

All coal needed was donated. That which was used during the spring of 
1904, amounting to 130 tons, was given by the Cleveland, Cincinnati, Chicago 
and St. Louis Railroad Company. The remainder, 528 tons, a fuel of the 
highest quality, was supplied by the agent of C. Jutte & Co., of Pittsburg, at 
the cost of freight from North Bend, Indiana. 

The American Locomotive Company has conducted a careful and somewhat 
laborious examination of its records that there might be made available for the 
research information concerning the weights of locomotive boilers designed for 
various pressures and for various capacities. 

Under the grant of the Carnegie Institution of Washington, the staff of 
attendants available for work at the Purdue laboratory has been increased, and 
assistants who could serve as observers and computers have been employed in 
such numbers as would permit the continuous operation of the plant. The 
time of these and the cost of supplies or fixtures in excess of those normally 
furnished by the university, when not otherwise available, have been charged 
against the grant. 

Finally, after the full account of the experiments had been put in type, 
several distinguished engineers, in response to the author’s request, read 
and criticized the proof sheets. The attention thus bestowed by men whose 
routine responsibilities allow them little time for such a service, constitutes 
a valuable contribution to the completed work. Those who have given this 
assistance are Mr. George M. Basford, Mr. A. W. Gibbs, Mr. T. A. Lawes, 
Mr. C. J. Mellin, Mr. E. D. Nelson, Professor Edward C. Schmidt, Mr. C. A. 
Seley, and Mr. H. H. Vaughan. 


I. DIFFICULTIES IN OPERATING UNDER HIGH-PRESSURES. 


8. THe WorK WITH THE EXPERIMENTAL Locomotive has shown that 
those difficulties which in locomotive operation are usually ascribed to bad 
water increase rapidly as the pressure is increased. The water-supply of the 
Purdue laboratory contains a considerable amount of magnesia and carbonate 
of lime. When used in boilers carrying low pressure there is no great diffi- 
culty in washing out practically all sediment. The boiler of the first experi- 
mental locomotive, Schenectady No. 7, which carried but 140 pounds and was 
run at a pressure of 130 pounds, after serving in the work of the laboratory 
for a period of six years, left the testing-plant with a boiler which was prac- 
tically clean. Throughout its period of service this boiler rarely required 
the attention of a boiler-maker to keep it tight. Water from the same source 
was ordinarily used in the boiler of Schenectady No. 2, which carried a pres- 
sure of 200 pounds or more. It was early found that this boiler operating 
under the higher pressure frequently required the attention of a boiler- 
maker. After having been operated for no more than 30,000 miles, cracks 
developed in the side-sheets, making it impossible to keep the boiler tight, 
and new side-sheets were applied. In operating under pressures as high as 
240 pounds, the temperature of the water delivered by the injector was so 
high that scale was deposited in the check-valve, in the delivery-pipe, and 
in the delivery-tube of the injector. Under this pressure, with the water 
normal to the laboratory, the injectors often failed after they had been in 
action for a period of two hours. ‘The interruptions of tests through failure 
of the injector, and through the starting of leaks at stay-bolts, as the tests 
proceeded, became so annoying that, as a last resort, a new source of water- 
supply was found in the return tank of the university heating-plant. ‘This 
gave practically distilled water, and its use greatly assisted in running the 
tests at 240 pounds pressure. 

Probably some of the difficulties experienced in operating under very high 
steam-pressures were due to the experimental character of the plant, and 
would not appear after practice had, by a gradual process of approach, be- 
come committed to the use of such pressures, but the results are clear in their . 
indication that the problem of boiler maintenance, especially in bad-water 
districts, will become more complicated as pressures are further increased. 
Since, taking the country over, there are few localities where locomotives 


can be furnished with pure water, the conclusion stated should be accepted 


as rather far-reaching in its effect. 
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The tests developed no serious difficulties in the lubrication of valves and 
pistons under pressures as high as 240 pounds, though this could not be done 
with a grade of oil previously employed. 

With increase of pressure any incidental leakage, either of the boiler or from 
cylinders, becomes more serious in its effect upon performance. In advancing 
the work of the laboratory, every effort was made to prevent loss from such 
causes, and tests were frequently thrown out and repeated because of the 
development of leaks of steam around piston and valve rods, or of water from 
the boiler. Notwithstanding the care taken, it was impossible under the 
higher pressures to prevent all leakage, and the best that can be said for the 
data under these conditions is that they represent results which are as free 
as practicable from irregularities arising from the causes referred to; that 
is, so far as leakage may affect performance, the results of the laboratory 
tests nay safely be accepted as a record of maximum performance. 

In concluding this brief review of the difficulties encountered in the operation 
of locomotives under very high steam-pressures, the reader is reminded that 
an increase of pressure is an embellishment to which each detail in the design 
of the whole machine must give a proper response. A locomotive which is to 
operate under such pressure will need to be more carefully designed and more 
perfectly maintained than a similar locomotive designed for lower pressure, 
and much of that which is crude and imperfect, but nevertheless serviceable 
in the operation of locomotives using a lower pressure, must give way to a 
more perfect practice in the presence of the higher pressure. 


III. BOILER PERFORMANCE. 


9. THE PERFORMANCE OF THE BOILER, as disclosed by the tests, is given in 
detail in columns 15 to 55 (Appendix II), and certain facts which are of 
importance in the present study are presented herewith in the form of dia- 
grams (figs. 7 to 33). All of the results entered upon data sheets and repre- 
sented in the diagrams were obtained by the use of a single grade of coal 
(Youghiogheny), which in all cases was fired by the same man. A number 
of tests were run with other coals, but in such cases the boiler performance 
has been omitted from the final record. 

10. EVAPORATIVE EFFICIENCY AS AFFECTED BY THE RATE OF EVAPORA- 
TION.—The pounds of water evaporated per pound of coal, plotted in terms 
of the rate of evaporation, is shown for each of the several pressures by 
figs. 7 to 11. Through the plotted points of each diagram a mean line has 
been drawn, the equation of which is given upon the diagram. For example, 
upon fig. 7, the equation is 

= 771.640.2271, 
where E is the number of pounds of water evaporated from and at 212° per 
pound of coal, and H is the number of pounds of water evaporated from and 
at 212°, per foot of heating surface per hour. The area of heating surface 
employed is based upon the interior surface of the fire box and the exterior 
surface of the tubes. The diagrams will show that the points are not always 
sufficient in themselves to determine the location of a mean line, hence cer- 
tain conventions have been adopted to define the slope and position of such 
lines. These and the reasons underlying them may be described as follows: 

The only difference in the running conditions applying to the tests of each 
series is that of pressure, and as the terms employed in plotting the several 
diagrams are the same, it is evident that the differences in performance repre- 
sented by the several diagrams (7 to 11) are only such as may result from the 
difference in pressure. Since the quantities are in terms of equivalent evap- 
oration, the differences can not be great. Accepting this view, it was first 
sought to determine the slope of the lines for the several groups. ‘This was 
done by plotting upon a single sheet all of the points, eight in number, avail- 
able for the series at 240 pounds, together with eight points selected as fairly 
representative from each of the other series, making forty points in all. The 
result is shown in fig. 12. Points thus plotted were divided into two groups, 
one representing the lower rates of combustion, and the other representing the 
higher rates, the points being so chosen that each group contained four points 
from each of the several series. The ordinates and abscisse for points of each 
group were then determined, and the several values thus obtained averaged. 


The final results were then plotted, giving the points shown by the circles 
inclosing a cross (fig. 12). 
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The equation from the line drawn through these points is 
E = 11.305—0.221 A 


The line thus found (fig. 12) may fairly be assumed to represent the slope of the 
mean line of any number of points which for purposes of comparison may be 
selected from the larger group. Points thus chosen are plotted in figs. 7 
to 11, which represent results at boiler pressures of 240, 220, 200, 160, and 120 
pounds, respectively. 

In determining, therefore, the location of the mean line, figs. 7 to11, inclusive, 
the abscisse and ordinates of all the points of each diagram were averaged and 
the results plotted. This mean point appears upon each diagram as a circle 
inclosing a cross. Through this derived point a line is drawn having the 
slope already found; that is, the mean line of fig. 12. 

An examination of the diagrams (figs. 7 to 11) will show that with one 
exception the mean lines located in the manner described well represent the 
experimental points, but certain individual points, especially some of those 
obtained under the higher steam-pressures, are remote from the line. With 
reference to such points it should be said that the experimental data upon 
which they are based is believed to be as reliable as that which underlies other 
points which may fall upon the line. Inconsistencies are not due to faults in 
testing, but to variations in the condition of the fire. Under the high rates 
of combustion common in locomotive service it is practically impossible to 
duplicate the conditions at the grate from day to day; e. g., in fig. 7, test 5 
wasrunasacheckon 5a; also, tests rand 1a wererun under identical conditions, 
a repetition being necessary through a defect in the engine, which, however, 
did not interfere with the accuracyof the boilerwork. The results for tests 5 
and 5a are somewhat diverging; those for 1 and 1a are practically coincident. 

The results obtained under a pressure of 220 pounds (fig. 8) are not well 
represented by a line of the same slope with the others, though such a line is 
drawn andits equationis givenonthe diagram. This is assumed to represent 
the general law, notwithstanding the fact that the individual points suggest a 
slope similar to that of the dotted line shown. 

11. EFFECT OF CHANGES IN STEAM-PRESSURE UPON THE EVAPORATIVE 
EFFICIENCY OF THE BoILeR.—The generation of steam at a pressure of 120 
pounds involves a temperature of the water which is 50° less than that which 
must be dealt with in generating steam at a pressure of 240 pounds, and in 
general it has been assumed that any increase in boiler-pressure necessarily 
results in some loss of evaporative efficiency. It has been known that for 
the small ranges of pressure common in stationary practice‘this difference 
is not great, but the facts have not been established with reference to loco- 
motive performance or for ranges as great as those covered by the experi- 
ments under consideration in any service. 


Io HIGH STEAM-PRESSURES IN LOCOMOTIVE SERVICE. 


The performance of the boiler experimented upon under a range of pressure 
varying from 240 to 120 pounds may be seen by comparing the mean curves 
already developed (figs. 7 to 12). Such a comparison is presented by fig. 13. 
This diagram shows that the lowest efficiency is obtained with the highest 
pressure and that with one exception the lines representing performance 
under different pressures fall in order, inversely with the pressure. The 
exception is to be found in the line representing performance at 120 pounds 
pressure. This line falls low, a condition which may be explained by the 
fact that the spark and cinder losses for these tests are known to have been 
excessive. The mean line located from 40 points representing all pressures 
(fig. 12) will represent any of the lines of fig. 13 with an error not greater 
than o.2 pound. 

The results clearly define four general facts, which may be stated as follows: 


1. The evaporative efficiency of a locomotive boiler is but slightly 
affected by changes in pressure. 

2. Changes in steam-pressure between the limits of 120 pounds and 240 
pounds will produce an effect upon the efficiency of the boiler which will 
be less than 0.5 pound of water per pound of coal. 

3. The equation E = 11.305 — 0.221 H represents the evaporative 
efficiency of the boiler of locomotive Schenectady No. 2 when fired with 
Youghiogheny coal for all pressures between the limits of 120 pounds and 
240 pounds with an average error for any pressure which does not exceed 
2. J Percent, 
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Fic. 7.—Water evaporated per pound of coal. 
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Fic. 9.—Water evaporated per pound of coal. 
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Fic. 11.—Water evaported per pound of coal. 
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Fic. 13.—Evaporation per pound of coal under different conditions of pressure. 
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12. SMOKE-BOX TEMPERATURES.—The temperatures of the smoke-box 
gases were read from a high-grade mercurial thermometer. Numerical 
values will be found in column 36 (Appendix II) of the data. In all cases 
the temperature of the smoke-box increases as the rate of evaporation is 
increased, this relation being well shown by figs. 14 to 18, inclusive. In 
locating the lines which are drawn upon these figures, the average of all points 
was first obtained and entered as a cross within a circle. Through this 
derived point a straight line was then drawn, its slope being determined 
from an inspection of the points. An inspection of the diagrams will show 
them to be very similar for all pressures. All have the same slope, and, if 
superimposed, they would fall very closely together. Thus, they show that 
when the rate of evaporation is 9 pounds per foot of heating surface per hour, 
the smoke-box temperature for all pressures is between the limits of 700° 
and 730° F. There are but four results for a pressure of 240 pounds, in com- 
parison with eight or more for other pressures. If the results from the tests 
at 240 pounds pressure be omitted it will be found that those remaining, which 
represent a range of pressure from 220 pounds to 120 pounds, are nearly 
identical. This is best shown by the equations of the curves in question, 
which are given in table 1. 


TABLE 1.—Smoke-box temperatures under different pressures. 
Boiler-pressure, Equations. 
220 pounds...... T = 496.3 + 25.66 H 
200 pounds...... T = 491.04 25.66 H 
160 pounds...... DAS 7a sh OOmED 
T2O-OUndsS ecw T = 478.9 + 25.66 H 
AVetaces an te T = 488.5 + 25.66 H 


The average of the several equations represents the average of any of the 
several groups of results obtained under different pressures, with an error 
which in no case exceeds 10° F., or 2 per cent. 

Again, the equations show that the effect of increasing the pressure from 
120 pounds to 220 pounds is to increase the smoke-box temperature 17°; 
that is, an increase of pressure of nearly 100 per cent results in an faeieise 
of smoke-box temperature of approximately 3.5 per cent. 

In the preceding statements is to be found an explanation of the constancy 
in the evaporative efficiency of the boiler under different steam-pressures 
The fact seems to be that the water in the boiler is about as effective in ore 
ing the heat of the gases when its temperature is 400° (240 pounds pressure) 
as when its temperature is but 350° (120 pounds pressure). 
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The data sustain the following conclusions: 


1. The smoke-box temperature falls between the limits of 590° F. and 
850° F., the lower limit agreeing with a rate of evaporation of 4 pounds 
per foot of heating-surface per hour and the latter with a rate of evapo- 
ration of 14 pounds per foot of heating-surface per hour. 

2. The smoke-box temperature is so slightly affected by changes in 
steam-pressure as to make negligible the influence of such changes in 
pressure for all ordinary ranges. 

3. The equation T= 488.5 + 25.66 H, where T is the temperature 
of the smoke-box expressed in degrees F. and H is pounds of water 
evaporated from and at 212° per foot of heating-surface per hour, pos- 
sesses a high degree of accuracy. 
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Fic. 14.—Smoke-box temperature. 
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2 “Fig. 15.—Smoke-box temperature. ~~ 
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Fic. 16.—Smoke-box temperature. 
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Fic. 17.—Smoke-box temperature. 
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Fic. 18.—Smoke-box temperature. 


13. Drart (Appendix II, columns 33 to 36).—The term ‘‘draft,” as 
herein employed, represents a reduction of pressure as compared with that 
of the atmosphere expressed in inches of water. The draft was observed?at 
three different points between the ash-pan and the stack. ‘These were the 
smoke-box in front of the diaphragm, the smoke-box back of the diaphragm, 
and the fire-box. At each of these points connection was made with a U-tube 
containing water. The results for each different steam-pressure are given in 
figs. 19 to 23. In these figures the solid points represent the draft in the 
smoke-box in front of the diaphragm, the crosses the draft behind the dia- 
phragm, and the circles the draft in the fire-box. Expressing the results in 
other terms, it appears that vertical distances between the highest curve and 
the intermediate represent the resistance of the diaphragm; vertical dis- 
tances between the intermediate and the lowest curve the resistance of the 
tubes, and vertical distances between the lowest curve and the axis the resist- 
ance of the ash-pan, the grate, and the fire uponit. Values under this curve 
are a close approach to the effective draft. In general, draft values vary 
greatly with the conditions at the grate. A thin, clean fire results in com- 
paratively low draft values throughout the system, while a thick fire, or one 
which is choked by clinkers, leads to the reverse results. It is for this reason 
that individual points representing draft sometimes vary widely from the 
mean of all results. By comparing the several curves (figs. rg to 23) it will 
be seen that the draft is not much affected by changes in pressure. For 
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example, when the rate of evaporation is 10 pounds per foot of heating- 
surface per hour, the draft in front of the diaphragm is approximately 4 
inches for all pressures. There is, in fact, no reason why the draft should 


vary materially with changes in pressure. 
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Fic. 19.—Draft. 
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Fic. 20.—Draft. 
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Fic. 22.—Draft. 
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Fic. 23.—Draft. 


14. COMPOSITION OF SMOKE-BOX GasEs (Appendix II, columns 49 to 52).— 
As previous experiments had shown irregularities in the evaporative effi- 
ciency of boilers of locomotives, it was early decided to proceed with care 
in determining the composition of the smoke-box gases. It seemed probable 
that if the composition of these were known for each test, variations in the 
evaporative efficiency of the boiler might be explained. To this end, there- 
fore, each step in the process was carefully considered, and the work of 
sampling and analyzing the gases was assigned to a chemist of experience who 
had no other duties to perform. 

The gases were drawn from the smoke-box over mercury, a period of from 
a half hour to an hour and a half being employed in securing the sample. 
The sampling-tube was of copper and of small diameter. Its length was suffi- 
cient to extend to the center of the smoke-box, and gas was admitted to it 
by small perforations at the extreme end only. This tube could be drawn in 
and out through a stuffing-box to permit the sample to be taken either from 
the center of the smoke-box or from any location between that point and the 
shell. In securing the sample it was the practice to move the tube system- 
atically at regular intervals of time. By these means it was assumed that 
abnormal results due to fluctuations in the condition of the fire would be 
entirely avoided. 
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The results, notwithstanding all precautions, have not proven entirely 
satisfactory. ‘That is, where the evaporative performance is abnormal, they 
do not permit the assignment of a definite cause. ‘The defects are doubtless 
due to faulty sampling, though it is not clear in what manner the sampling 
may be improved in connection with locomotive work. They do, however, 
entirely justify certain general conclusions. They show that the amount of 
excess air (figs. 24 to 28) admitted to the furnace is never great, and in most 
cases it is very small—far below the limits which are thought desirable in 
stationary practice. They show, also, that the excess air diminishes as the 
rate of combustion increases. It is apparent, therefore, that the loss in 
efficiency arising from excess air is under normal conditions smaller than in 
most other classes of service. Moreover, while the supply of air appears 
limited, it is significant that the losses from imperfect combustion, as shown 
by the presence of CO, are also small (figs. 29 to 33), the actual amount vary- 
ing irregularly between limits which are very narrow. 
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Fic. 24.—Excess air. 
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Fic. 25.—Excess air. 
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Fic. 26.— Excess air, 
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Fic. 27.—Excess air. 
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Fic. 28.—Excess air. 
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Fic. 29 —Per cent of carbon monoxide in the smoke-box. 
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Fic. 30.—Per cent of carbon monoxide in the smoke-box. 
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Fic. 31.—Per cent of carbon monoxide in the smoke-box. 
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Fic. 32.—Per cent of carbon monoxide in the smoke-box. 
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Fic, 33.—Per cent of carbon monoxide in the smoke-box, 


15. THE QUALITY OF STEAM (Appendix II, column 21) was uniformly high 
under all conditions of pressure, the average for all tests being 99.08. The 
quality declined slightly with increase of pressure, but in no case does the 
moisture exceed 1.35 per cent. 


IV. ENGINE PERFORMANCE. 


16. INDICATOR-Carps.—The form of the cards as taken is shown by figs. 34 
to 39. In comparing these figures it will be well to remember that the springs 
used in the indicators were changed from time to time as the pressure under 
which the locomotive operated was changed. One result of this practice is 
that the apparent height of the cards does not change materially with changes 
in pressure. To aid in estimating the significance of the cards upon each 
diagram, a scale of the spring employed is presented therewith. 

Each pair of indicator-cards shown by full lines represent conditions under 
which an efficiency test was run. Those shown have been selected as repre- 
sentative of the average conditions of the test and in all cases are for the right 
side of the engine. The data of the test represented by any pair of cards will 
be found in Appendix IT. 

The indicator-cards shown by dotted outline upon the diagrams represent 
conditions for which it was found impracticable to continuously operate the 
engine, the capacity of the boiler being insufficient to supply steam to meet 
the demands of the cylinders. Short runs, however, were possible, and it was 
during such runs that the cards in question were obtained. By their use it is 
possible to extend comparisons involving the effect upon the form of the cards 
of changes in speed and cut-off. 

As the small scale at which the cards (figs. 34 to 39) are reproduced kes 
them insufficient for some purposes of analysis, certain of them, representing 
typical conditions, reproduced at full size are presented as Appendix IV. 

17. THE MEAN EFFECTIVE PRESSURE for theseveral tests as arranged from 
all cards taken is shown by figs. 40 to 45 (Appendix IJ, columns ror to 105). 
The values within the full-lined rectangles represent efficiency tests; those 
within the dotted-lined rectangles, conditions involving the consumption of 
steam in excess of that which the boiler could continuously supply. Each 
figure discloses the entire range of action under which it is found practicable 
continuously to operate the locomotive at the pressure given. A review of the 
several figures will show the extent to which the possible range of cut-off 
under a full open throttle is reduced with each increment of pressure. For 
example, under 120 pounds pressure it is possible to operate at 30 miles with 
the reverse lever in the fourteenth notch from the center, while at 240 pounds 
the longest cut-off under similar conditions of speed is represented by the 
fourth notch of the reverse lever. It is of interest to note, also, that within 
the range of the experiments each change in the position of the reverse lever 
results in a change in power which is nearly proportional to the extent of the 
movement of the reverse lever. ‘The effect upon the mean effective pressure 


of changes in speed is well shown by each of the several diagrams. 
25 
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Fic. 40.—Mean effective pressure. 
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Fic. 41.—Mean effective pressure. 
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Fic. 42.—Mean effective pressure. 
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Fic. 43.—Mean effective pressure. 


60 


= 4A 6 8 10 12 14 


Fic. 44.—Mean effective pressure. 
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Fic. 45.—Mean effective pressure. 
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18. Tue InpICATED HorsEPOWER for the several tests is shown by figs. 
46 to 51 (columns 106 to 110, Appendix II). It will be seen that the range 
for all pressures falls between the limits of 134 and 610 horsepower. is 
appears from the results that with the coal used during the tests the normal 
power of the locomotive tested, when run at speed, is between 450 and 500 
horsepower. The development of more than 500 horsepower was always 
attended by unusual efforts on the part of the fireman. By reference to fig. 
46 it will be seen that the power of the engine, under a pressure of 240 pounds, 
was readily developed with the reverse lever in the second and fourth notches, 
while under 120 pounds pressure (fig. 51) either a high speed or a much 
longer cut-off must be employed before this condition is reached. All this, 
of course, grows out of the fact that in experiments involving a wide range of 
pressure the cylinder volume remained constant. It is significant that the 
only two tests giving a horsepower in excess of 600 were run at 180 and 200 
pounds, respectively. It will hereafter be shown that the operation of the 
engine under these pressures was more efficient than under conditions of 
pressure which were either lower or higher. Remembering that the figures 
(46 to 51) disclose the entire range for which it was practicable to operate 
the engine under a full throttle, it will be seen at a glance that the higher 
pressures do not serve to increase the output of power. 

19. THE STEAM PER INDICATED HORSEPOWER PER Hour is shown by figs. 
52 to 57 (column 111, Appendix II). The high efficiency which is implied 
by these results, and the narrow range which they represent, taken in connec- 
tion with the comprehensive character of the running conditions involved, 
are matters of more than ordinary importance. For example, it appears 
from fig. 52 that at a pressure of 240 pounds the engine experimented upon, 
when working under a fully open throttle, gave a horsepower hour in return 
for the consumption of less than 24 pounds of steam, and under any condition 
of speed or cut-off for which it was found possible to operate the engine 
under a wide open throttle the consumption never exceeded 26.3 pounds. 
At lower pressures, involving the possibility of a wider choice in the condi- 
tion of operating, the range is somewhat increased. Thus, at 120 pounds 
pressure (fig. 57) the minimum value is 27.5 and the maximum 33.8, a range 
which, while greater than that just referred to, is nevertheless extremely 
narrow as compared with the range incident to the operation of other classes 
of engines. 

The most efficient point of cut-off for the lowest pressure is evidently that 
secured when the reverse lever is in the eighth notch, which is equal to 35 per 
cent of the stroke. At 200 pounds pressure the most efficient cut-off is that 
represented by the sixth notch, or 27 per cent of the stroke, and the data do 
not disclose that a shorter cut-off than this under a full-open throttle is profit- 


able for the engine experimented upon, even though the pressures be raised to 
240 pounds. 
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Fic. 46.—Indicated horsepower. 
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Fic. 47.—Indicated horsepower. 


The effect of speed on steam consumption is readily seen by comparing 
values in vertical columns upon the several diagrams. In all cases the best 
results are obtained at a speed either of 20 or 40 miles an hour; for all pres- 
sures above 160 pounds, the most efficient speed is 40 miles. The law of the 
change of efficiency with changes in speed has been discussed and the reasons 
underlying pointed out elsewhere.* 

The least steam consumption for each speed under the several different 
pressures employed is set forth in fig. 58. The values of the figure are of 
interest. They do not, however, constitute a satisfactory base upon which 
to form comparisons. 


* Locomotive Performance, published by Messrs. John Wiley & Sons. 
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Fic. 48.—Indicated horsepower. 
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F.c. 49.—Indicated horsepower. 
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Fic. 50.—Indicated horsepower. 
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Fic. 51.—Indicated horsepower. 
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Fic. 52.—Steam per indicated horsepower hour. 
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Fic. 53.—Steam per indicated horsepower hour. 
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Fic. 54.—Steam per indicated horsepower hour. 
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Fic. 55.—Steam per indicated horsepower hour. 
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Fic. 56 —Steam per indicated horsepower hour. 
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Fic. 57.—Steam per indicated horsepower hour. 
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Fic. 58.—Least steam for each of the several speeds at different pressures. 

20. STEAM CONSUMPTION UNDER DIFFERENT PRESSURES.—The shaded 
zone upon fig. 59 represents the range of performance as it appears from all 
tests run under the several pressures employed. For purposes of comparison 
it is desirable to define the effect of pressure on performance by a line, and to 
this end an attempt has been made to reduce the zone of performance to a 
representative line. In preparing to draw such a line, the average perform- 
ance of all tests at each of the different pressures was obtained and plotted, 
the results being shown by the circles on fig. 59. Points thus obtained can 
be regarded as fairly representing the performance of the engine under the 
several pressures only so far as the tests run for each different pressure may 
be assumed to fairly represent the range of speed and cut-off under which the 
engine would ordinarily operate. The best result for each different pressure, 
as obtained by averaging the best results for each speed at constant pressure, 
is given upon the diagram in the form of a light cross. These points may be 
__ regarded as furnishing a satisfactory basis of comparison in so far as it may 
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be assumed that when the speed has been determined an engine in service 
will always operate under conditions of highest efficiency. Again, the left- 
hand edge of the shaded zone represents a comparison based on maximum 
performance at whatever speed or cut-off. In addition to the points already 
described, there is located upon the diagram (fig. 59) a curve showing the 
performance of a perfect engine,* with which the plotted points derived 
from the data of tests may be compared. Guided by this curve, representing 
the performance of a perfect engine, a line A B has been drawn proportional 
thereto, and so placed as to fairly represent the circular points derived from 
the experiments. It is proposed to accept this line as representing the steam 
consumption of the experimental engine under the several pressures em- 
ployed. It is to be noted that it is not the minimum performance nor the 
maximum, but it is a close approach to that performance which is suggested 
by an average of all results derived from all tests which were run. Since its 
form is based upon a curve of perfect performance it has a logical basis, 
and since it does no violence to the experimental data its use seems justifiable. 
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Fic. 59.—Steam consumption under different pressures 


*This curve represents the performance of an i i 

ae ; engine working on Carnot’s cycle, the 
initial temperature being that of steam at the several pressures stated, and the final tem- 
perature being that of steam at 1.3 pounds above atmospheric pressure. This latter value 


is the assumed pressure of exhaust in locomotive service. 
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21. Coat, CONSUMPTION.—The results of certain of the tests which were run 
before the adoption of a standard coal have not been carried out for purposes 
of comparison, which fact accounts for the blanks appearing in column 113 of 
the data. An exhibit of all data which is comparable is set forth by figs. 60 to 
64. These values, especially if confined to the tests run with the reverse lever 
in the second, fourth, and sixth notches, show but slight variation in the coal 
consumed per horsepower hour either with changes of speed or with changes 
in pressure. The fact, also, that the record shows but 3 out of 46 tests repre- 
senting a great variety of running conditions, for which the consumption 


exceeds 4 pounds, argues well for the efficiency of the locomotive in ordinary 
service. 
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Fic. 60.—Coal per indicated horsepower hour. 
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Fic. 61.—Coal per indicated horsepower hour. 
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Fic. 62.—Coal per indicated horsepower hour. 
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Fic. 63.—Coal per indicated horsepower hour. 
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Fic. 64.—Coal per indicated horsepower hour. 
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22. PERFORMANCE UNDER DIFFERENT PRESSURES, A LoGIcaL BASIS FOR 
CoMPARISON.—The record of coal consumption, as set forth in the preceding 
paragraph, is that actually obtained from the several testsrun. It has already 
been shown that this performance is affected by variations in the evaporative 
efficiency of the boiler, due doubtless to irregularities in firing, but which are 
in fact unaccounted for. One of the purposes of the discussion which occu- 
pies the preceding chapter has been to reduce the values actually resulting 
from the tests to a summarized statement which may be accepted as a general 
definition of performance, assuming all irregularities to have been eliminated. 
Such a summarized statement is that which is shown by fig. 12. It is also 
expressed by the equation 

E = 11.305 — 0.221 H 
It is now proposed to determine the coal consumption per indicated horse- 
power, assuming the boiler efficiency to have been in all cases that which is 
expressed by this equation. 

It appears, also, from the data that the steam consumed by the cylinders 
varies for each different pressure with changes in speed and cut-off, and it has 
been sought in the preceding paragraphs to summarize the facts derived from 
the experiments into a single expression. This appears in the form of the 
curve A B, fig. 59, which is to be accepted as representing the performance of 
the cylinders under different pressures without reference to speed or cut-off. 
Combining this general statement expressing cylinder performance with that 
already obtained covering boiler performance, it should be possible to secure 
an accurate measure of the coal consumption per indicated horsepower hour, 
for each different pressure which will represent the results of all tests at that 
pressure. 

The steps in this process are set forth by table 2, in which— 

Column 1 gives the several pressures embraced by the experiments. 

Column 2 gives the steam consumption per indicated horsepower hour for 
each of these several pressures as taken from the curve A B, fig. 59. 

Column 3 gives the number of thermal units in each pound of steam at the 
several pressures, assuming the feed-water in all cases to have had a tempera- 
ture of 60° F. The values of this column show at a glance the rate of change 
in the amount of heat required to supply steam at the different pressures 
embraced by the experiments. 

Column 4 gives the pounds of water from and at 212° F. per indicated horse- 
power hour. It equals column 2 x column 3+ 965.8. 

Column 5 gives the pounds of water evaporated from and at 212° F. per 
pound of coal and is calculated as follows: Assuming that a fair average 
load for the locomotive tests is 440 horsepower, and that this unit of power 
is delivered under all pressures, the corresponding rate of evaporation may 
be found by multiplying this value by those of column 4 and dividing by the 
area of heating surface; that is, the rate of evaporation = 440 x column 4 
+1322. The equivalent pounds of water per pound of coal is found by 
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substituting the rates of evaporation found for H in the equation, E =11.305 


—o.221 H. << 
Column 6 gives the pounds of coal per indicated horsepower per hour and 


equals column 4+ column 5. 
Column 7 gives the pounds of coal saved per horsepower hour for each 20- 


pound increment in steam-pressure. . 
Column 8 gives the percentage saving in coal for each 20-pound increment 


in steam-pressure. 


TABLE 2.—Engine performance under different pressures. 


: Equivalent z Coal saving for each 
; Steam per in-| Bt. 4. given pounds of Sieve ae Pounds of | pReremiente 
Boiler | dicated horse to 1 pound water per pounds of |eoal per indi- 
aes power per | steam feed-water. | indicated ear Par cated horse- 
sure. | hour. Values (Lemp. = 60°.) horse-power |POUNG Of GTY| power hour. Lbs. |Per cent. 
from curve. hour. coal. 
1 2 3 4 5 6 7 8 
1 
240 2A 1176.6 30.09 9.10 Bi Bie .06 1.8 
220 Peat 1174.4 30.52 9.06 Boi .06 1.8 
200 25.5 1172.0 30.94 9.03 3043 107, 2.0 
180 26.0 1169.5 31.48 8.99 3.50 09 25 
160 26.6 1166.8 22.14 8.94 2.59 18 4.8 
140 27a), 1163.8 33.38 8.85 Bea 23 5.8 
120 201 1160.5 34.97 Bn GR 4.00 54 


The values of table 2, especially those of columns 2 and 6, are of more 
than ordinary significance. They represent logical conclusions based upon 
the results of all tests. Comparisons between them will show the extent to 
which the performance of a locomotive will be modified by changes in the 
steam-pressure under which it is operated. They show in the matterof steam 
consumption (column 2) that— 


Increasing pressure from 160 to 180 pounds reduces the steam consump- 
tion 0.6 pound, or 2.3 per cent. 

Increasing pressure from 180 to 200 pounds reduces the steam consump- 
tion 0.5 pound, or 1.9 per cent. 

Increasing pressure from 200 to 220 pounds reduces the steam consump- 
tion 0.4 pound, or 1.6 per cent. 

Increasing pressure from 220 to 240 pounds reduces the steam consump- 
tion 0.4 pound, or 1.6 per cent. 


In the matter of coal consumption (column 6) they show that— 


Increasing pressure from 160 to 180 pounds reduces the coal consump- 
tion 0.9 pound, or 2.5 per cent. 

Increasing pressure from 180 to 200 pounds reduces the coal consump- 
tion 0.7 pound, or 2.0 per cent. 

Increasing pressure from 200 to 220 pounds reduces the coal consump- 
tion 0.6 pound, or 1.8 per cent. 

Increasing pressure from 220 to 240 pounds reduces the coal consump- 
tion 0.6 pound, or 1.8 per cent. 
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These values are from actual tests. Those who are inclined to insist upon 
basing their conclusions upon observed data will perhaps find in thema satisfac- 
tory conclusion of the whole investigation. The results show how slight is 
the gain to be derived from any increment of pressure when the basis of the 
increments is above 160 pounds. But they do not in fact tell the whole 
story. In order to secure such results from a single locomotive it was neces- 
sary to employ a machine designed for the highest pressure experimented 
upon. Obviously, for the tests at lower pressure, the locomotive was need- 
lessly heavy for its dimensions. If for the tests under each of the lower 
pressures the excess weight could have been utilized in providing a boiler of 
greater heating-surface, the difference in performance with each increment 
of pressure would have been less than that to which attention has already 
been called. It is for this reason that the results already quoted, while 
significant and concise in their meaning, are nevertheless to be accepted as 
insufficient when regarded as a relative measure of the value of different 
steam-pressures. An extension of the discussion leading to a more general 
view of the matter will be found set forth in Chapters VI to VIII. 


V. MACHINE FRICTION AND PERFORMANCE AT DRAW-BAR. 


23. THE CYLINDERS VS. THE DRAW-BaR AS A BASE FROM WHICH TO EstI- 
MATE PERFORMANCE.—In the later paragraphs of the preceding chapter 
results are given disclosing the performance of boiler and engine as based 
upon cylinder performance. ‘This is a correct basis from which to proceed 
in discussing the relative advantage of different steam-pressures, for the proc- 
ess of the cylinders represents the last of the thermodynamic changes by 
which the heat of the fuel is transformed into work. The cylinders are in 
fact one step nearer the problem in question than the draw-bar, which for 
many purposes is properly regarded a better basis from which to determine 
the performance of a locomotive. This being the case, the purpose of the 
present chapter will be entirely served if attention is called to a few of the 
more significant facts which center in the output of power at the draw-bar, 
leaving the general discussion as to the relative value of different steam- 
pressures to be continued in the chapters which follow. 

24. MACHINE FRrRicTIon.—This is the difference between work done in the 
engine cylinders and that which appears at the draw-bar. ‘The facts for all 
tests will be found presented in the data (columns 141 to 143). The machine 
friction expressed in terms of mean effective pressure is best presented by 
figs.65 to 70. With reference to these values it should be noted that machine 
friction when expressed in terms of mean effective pressure will be greater for 
a locomotive designed for high boiler-pressures than for another of equal power 
designed for lower pressure, since with the higher steam-pressure the cylin- 
ders are relatively smaller. 

25. A GENERAL STATEMENT CONCERNING FRICTIONAL LossEs.—It is 
difficult to summarize the facts concerning engine friction. This is not due 
to defects in the experimental process underlying the data, but to the fact 
that the frictional resistance of the machinery of the locomotive varies greatly 
from day to day.* Evidence of this is accessible even to the casual observer. 
During any given test it is likely that an axle-box or a crank-pin may run 
warm, while during another test under identical conditions of power the 
same part will remain perfectly cool. In reviewing the data (figs. 65 to 70) 
it should be remembered that the tests were not run in any predetermined 
order. Upon the diagram two adjacent results may represent tests between 
the running of which an interval of many months may have elapsed. ‘This 
fact, together with the statement already made concerning variations in 
the frictional resistance of the machinery, is sufficient to account for the 
apparent irregularities presented. 


* A general discussion of this question with data will be found in Locomotive Per- 
formance. 
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Fic. 65.—Friction mean effective pressure. 


50 


40 


30 


20 


4 4 6 8 10 12 14 


Fic. 66.—Friction mean effective pressure. 
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Fic. 67.—Friction mean effective pressure. 
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Fic. 68.—Friction mean effective pressure. 


Fic. 70.—Friction mean effective pressure. 
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These statements make evident the difficulties to be encountered in attempt- 
ing to derive an expression in simple form for engine friction. ‘That the fric- 
tion varies but slightly with increase in steam-pressure, the cylinder diameters 
remaining unchanged, is to be seen by fig. 71, giving all of the results obtained 
at different speeds and steam-pressures with the reverse lever in the fourth 
notch. Comparisons involving different positions of the reverse lever suggest 
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Fic. 71.—Friction mean effective pressure fourth notch. 
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Fic. 72.—Corrected friction, mean effective pressure applicable to all pressures, 


that changes in cut-off are most effective in modifying engine friction. Acting 
upon this suggestion, all results have been plotted in terms of cut-off. The 
results do not, of course, fall in line, but they take such positions as readily to 
suggest the form of a curve which in an approximate way may be employed 
to represent them. From such a curve the values set forth in fig. 72 have 
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been derived. It is proposed to accept these values as an approximate 
measure of the frictional loss for locomotive Schenectady No. 2 under all 
pressures. They are probably a little low for pressures above 200 pounds, 
and are perhaps somewhat high for pressures below this limit. It can not 
be assumed that they apply to any other locomotive than that which was 
involved by the experiments. The machine friction as expressed in pounds 
pull at the draw-bar may be found for any test by multiplying the mean 
effective pressure for that test by the constant 88.75. 

26. STEAM PER DYNAMOMETER HORSEPOWER PER Hour.—Values covering 
this factor are set forth in column 144 of the data. They express the com- 
bined efficiency of the cylinders and machinery of the locomotive. They 
disclose the fact that there are few conditions of running for which the loco- 
motive requires more than 30 pounds of steam per dynamometer horsepower 
hour, and the consumption may fall below 27 pounds. While differences in 
performance for all pressures above 200 pounds are not great, the steam con- 
sumption is much greater when the pressure is as low as 120 pounds. The 
data show, also, that for best results the cut-off must be lengthened as the 
pressure is decreased. The facts as disclosed by the data are as follows: 

For 240 pounds pressure the best cut-off is approximately the second 
notch, 14 per cent. 

For 220 pounds pressure the best cut-off is approximately the fourth 
notch, 19 per cent. 

For 180 pounds pressure the best cut-off is approximately the eighth 
notch, 33 per cent. 

For 120 pounds pressure the best cut-off is approximately the twelfth or 
fourteenth notch, 47 per cent or 56 per cent. 

It should be noted, however, that this summarized statement but imper- 
fectly represents the full exhibit of data which, in this as in similar cases, will 
generally prove the most satisfactory source of information. 

27. COAL PER DYNAMOMETER HORSEPOWER PER Hour.—This factor 
(column 145) represents the combined performance of the boiler, the cylin- 
ders, and the machinery of a locomotive. It connects the energy developed 
in the boiler by the combustion of fuel with that which is developed at 
the draw-bar. In all cases where data are given the fuel consumed was of 
the same quality; hence all results are comparable. The data sheets are 
blank for all tests at 180 pounds pressure, since for these tests a different 
quality of fuel was used. The results may be easily reviewed by reference 
to figs. 73 to 77. Under a pressure of 240 pounds the range is between 3.35 
and 5.01, while at a pressure of 160 pounds the range is between 3.79 and 4.78, 
results which are of interest from at least two points of view. First, because 
of the small difference in performances resulting from a relatively large 
change in pressure, and, second, because of the significance of the values 
quoted when accepted as a measure of locomotive performance. It is doubt- 
ful if any other type of steam-engine exhausting into the atmosphere can be 
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depended upon to deliver power from the periphery of its wheel in return 
for the expenditure of so small an amount of fuel. 

28. CORRECTED REsuLTS.—The values representing coal and steam con- 
sumption, which have thus far been referred to as performance at the draw- 
bar, are those actually observed. A close comparison of these will some- 
times fail to give consistent results because of irregularities in boiler perform- 
ance or in the frictional resistance of the machinery growing out of causes 
already discussed. 

In table 22 values are presented from which all such discrepancies hay e been 
eliminated. They are those which would have been obtained if the evapo- 
rative efficiency for all tests had been that indicated by the equation, 

FE = 11.305—0.221 H 
and the machine friction for all cases had been that shown by figure 72. 
Column 156 giving the corrected coal per dynamometer horsepower, and col- 
umn 157 the corrected steam per dynamometer horsepower, may be accepted 
as representing the best information derived from the entire research. 
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Fic. 73.—Coal per dynamometer horsepower hour. 
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Fic. 74.—Coal per dynamometer horsepower hour 
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Fic. 75.—Coal per dynamometer horsepower hour. 
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Fic. 76.—Coal per dynamometer horsepower hour. 
H = 
ab ena ie ame 
fie : Ht = 
jit 
Ht 
ot aeeeiiat sterteriore 
EH 
tt + 
H He 
+4 rH 
ot HHH 
HH 
a 4 6 8 10 le 14 


Fic. 77.—Coal per dynamometer horsepower hour. 


VI. BOILER-PRESSURE AS A FACTOR IN ECONOMICAL OPERATION. 


29. The amount of steam consumed by the locomotive per unit power 
developed, when operated under various pressures between the limits of 120 
pounds and 240 pounds, has already been defined (fig. 59). Basing conclu- 
sions on results thus disclosed, it is now proposed to determine the increase in 
efficiency which may be secured through the adoption of higher pressure for 
any given increase in the weight of the boiler and its related parts. ‘That this 
may be done, it is essential to determine the relation between boilers of a given 
size when designed for different pressures. 

30. WEIGHT OF LOCOMOTIVE AS AFFECTED BY STEAM-PRESSURE.—The 
parts of a locomotive which are affected by changes in steam-pressure, assum- 
ing the power to remain constant, are the boiler and certain portions of the 
engine. The boiler to be adapted to a higher steam-pressure requires thicker 
plates, heavier riveting, and stronger staying, all tendingto augmentits weight. 
The effect of the change upon the engine, however, is to make it lighter, for 
since with increased pressure, cylinders, pistons, and valves become smaller, 
their weight will generally diminish. Asa basis for exact values, defining their 
relationship, lines were laid down for a boiler of the following dimensions :* 
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Weare RCHMEL See LCC Ue eed do, ave la needle RP enaiay sie eles nos 20a 6) hi iwie 14 
ata teat ito -StrtaCe, SO MATE TCE oe <a cieteierela ele aileieiaye suave nw ee 2024 
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Four designs were made, adapted to four different pressures, respectively, 
from which designs weights were calculated, with results shown by table 3. 


TABLE 3.—Weight of those parts of a locomotive which are affected by changes in 
bowler-pressure. 


Boiler P / Weight of cylinders, : = Weight of a parts 
set Weight of boiler. valves, and pistons. Weight of water. = ages peer a! 
- 2 3 4 5 
Lbs. jai I Lbs. Lbs. 
160 30079 © 12580 16349 59608 
190 32913 12240 16536 61689 
220 36076 11990 16661 64727 
250 38953 11620 16848 67421 


U 


*T hese and other determinations involve weights of boilers which were supplied by the 
courtesy of the American Locomotive Company. (See Appendix III.) 
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The weight of the cylinders, valves, and pistons which would be"used ss a 
boiler having 2024 feet of heating-surface in making up a representative oco- 
motive carrying the different pressures designated is set forth in column 3. 
The weight of water when the boiler is filled to the second gage appears as 
column 4. The weight of steam is negligible. The total weight of all parts of 
the locomotive directly affected by the changes in pressure are given as column 
5, and the values of this column have, for the purpose of interpolation, been 
plotted in terms of steam-pressure, with results set forth by fig. 78. 
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Fic. 78.—Weight of boiler as affected by changes in pressure. 


With these data it is proposed to show the extent to which the performance 
of a typical locomotive using saturated steam may be improved by increasing 
the pressure carried within its boiler. For convenience, six different pressures 
having values between 120 pounds and 220 pounds will be utilized as bases 
from which to assume an increase of pressure. ‘The increase of pressure from 
each base will be such as may be possible upon the allowance of definite incre- 
ments in the weight of those portions of the locomotive affected by pressure, 
and in like manner the improvement in performance will be expressed as a per 
cent of that which is normal to the base. ‘The results of the process outlined 
are presented in table 4. An explanation of the columns of this table, 
which are not self-evident, is as follows: 

Column 3. Werght of those parts of a typical locomotive affected by changes in 
steam-pressure, including water in botler—The values of this column, for each 
of the several pressures stated in column 2, are taken directly from the dia- 
gram of fig. 78, the basis of which has already been explained. 
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Column 5. New boiler-pressure obtainable by utilizing the increase of weight in 
making a stronger boiler—The values in this column for each of the several 
weights stated in column 4 were taken from the diagram of fig. 78. 

Column 6. Steam per indicated horsepower per hour at the pressures given in 
column 2.—Values for this column are taken directly from the curve of fig. 59. 

Column 7. Steam per indicated horsepower per hour at the new pressures given 
tn column 5.—These values, also, were taken directly from the diagram (fig. 59). 


TABLE 4.—Total saving when a possible increase of weight is utilized as a means of 


: increasing boiler-pressure. 
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200 62880 66020 2345) 25.05 ihe 2Aie 275 107, 3.42 
; 220 64710 67940 255.) 25.0 24.5 2a) .58 2.97 
irra 55560 61120 Tot |20.0 1 °26,.0 10.65 2.59 13.24 
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Column 8. Direct saving in steam consumption, resulting from an increased 
weight equal to the per cent shown in column 1.—Values of this column are equal 
to 100 times those of column 6 minus those of column 7 divided by those of 
column 6. 

Column 9. Indirect saving due to reduced rates of evaporation, per cent.—As- 
suming the locomotive to work at the same power at whatever pressure it may 
carry, the saving in steam resulting from the increased pressure set forth in 
column 8 diminishes the demand upon the boiler, and, as the efficiency of the 
boiler increases as the rate of evaporation is reduced, there results an indirect 
saving with each increase of pressure. The relation between the evaporative 
efficiency of the boiler and the rate of evaporation has already been defined 
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(fig. 12). Assuming the normal rate of evaporation for the boiler under initial 
conditions to be 10, then a reduction of 1 per cent in the rate of evaporation 
will effect an increase in the evaporative efficiency of 0.243 per cent. The 
values in column 9, therefore, are those of column 8 multiplied by the con- 
stant 0.243. 

Column to. Total saving.—The total saving is the sum of columns 8 and 9. 

The significance of this table may best be appreciated by the following 
examples: 

By line x of the table it appears that the base is 120 pounds (column 2). 
The parts of the typical locomotive designed for this pressure, which are 
affected by changes in steam-pressure, weigh 55,560 pounds (column 3). H, 
now, in designing a new lot of locomotives, it becomes possible to increase 
this weight by 5 per cent (column 1), the weight of these parts for the new 
locomotive may be 58,340 pounds (column 4). This weight, if put into a 
boiler of the same capacity, will allow the pressure to be increased from 120 
pounds (column 2) to 150 pounds (column 5), and as a result its steam con- 
sumption per horsepower hour will fall from 29.1 pounds (column 6) to 27.1 
pounds (column 7), or 6.87 per cent (column 8). But the saving of 6.87 
per cent in steam consumption diminishes the demand which is made upon 
the boiler for steam, and at the lower rate of evaporation the boiler becomes 
1.67 per cent (column g) more efficient, giving a total gain as a result of the 
change in pressure of 8.58 per cent (column 10). Ina similar manner each 
line of the table presents a measure of the improvement to be expected from 
some definite increase of pressure. 

A study of the analysis which has preceded will show that the values of 
column 10 may be accepted as fairly representing the increase in efficiency 
which may be secured in return for a given increase in steam-pressure, or, as is 
more clearly shown by table 4, in return for a given increase in the weight of 
those parts of the locomotive affected by increase of pressure. 

While the comparison is based on improved efficiency, it will, of course, be 
understood that, at the limit, the saving shown may be converted into a cor- 
responding increase of power. It would have been possible by assuming con- 
stant efficiency to have shown the improvement in terms of increase of power. 


Be 


VII. BOILER CAPACITY AS A FACTOR IN ECONOMICAL 
OPERATIONS. 


31. In the preceding chapter there is considered the advantage to be de- 
rived through the utilization of any possible increase in the weight of a loco- 
motive, as a means by which to secure an increase of pressure. It is the pur- 
pose of this chapter to consider the benefit which may be derived by utilizing 
similar increments in weight to secure an increase in boiler capacity, the 
pressure remaining constant. The weights of boilers and related parts 
involved by such a comparison have been ascertained from considerations 
similar to those which controlled in the preceding case. A boiler of the 
dimensions already given (paragraph 30), designed for 190 pounds, was made 
the starting-point from which values were ascertained for boilers of different 
capacities designed to carry 160 pounds pressure. The characteristics of the 
several boilers thus designed are set forth in table 5. 


TABLE 5.—Characteristics of four boilers designed for 160 pounds pressure and different 


capacities, 
Weight of 
os bees parts of. 
| aga erae Length | Length | Width | Area ae Weight Weight ereemasats 
:oe inch bs id oF os heating of of water | affected by 
: tubes. tubes. grate. | grate. | grate. | curface. boiler. in boiler. | changes in 
heating- 
surface. 
| 
1 2 3 St 5 6 7 8 9 10 
In. Ft. In. In. Sq. ft. Sq. ft. Lbs. Lbs. Lbs. 
63 258 14 90 | 60 | 37-4 | 2024 30,679 16,349 47,028 
69 326 14 102 65 | 46.1 | 2538 36,321 19,344 55,665 
67 338 16 102 65 46.1 3013 41,013 20,092 61,105 
7o 396 16 96 75 | 50-0 | 3498 42,894 21,965 64,859 


The steam-pressure being constant, the dimensions and consequently the 
weight of the cylinders and related parts for the development of a given power 
remain unchanged. It is obvious, also, that since the only change in the 
locomotive is in the size of its boiler, the cylinder performance will be the 
same for locomotives having boilers of different size. The saving which will 
result from the employment of boilers of greater capacity will be only that 
which results from the diminished rate of evaporation per unit area of heating- 
surface. ‘he relation of evaporative efficiency and rate of evaporation has 
already been defined (fig. 12), so that both factors in the problem now are 
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known, namely, the increase in weight necessary for a given increase in capac- 
ity and the effect of any increase in capacity in improving the evaporative 
efficiency. By means of relations thus established values have been deter- 
mined which are presented as table 6. An explanation of those columns 
of this table which are not self-evident, is as follows: 


TABLE 6.—Saving when a possible increase of weight is utilized as a means of increasing 
heating-surface. 


Weight of Heating- eS aaa 
: parts of a surface of face ob- Saving in 
Increase| Boiler- typical Allowable typical tainable by | Increase of | evaporative 
of pressures | locomotive | increase of | locomotives | ytilizing in- heating- | Performance 
weight, | selected | (boiler, cylin- weight whose SIE Se surface -due to 
as bases. | ders, valves, 7 weights weight in i reduced 
pistons, and are given in making a rate. 
water). column 3. larger boiler. 
1 2 3 4 5 6 7 8 
Per ct. Lbs. Lbs. Lbs. S@anfes Sq. ft. Per cent. Per cent. 
i 120 555600 PIG 2000 234-7 iene) 2.85 
140 57390 2869 2000 242.5 12)..12 2.95 
5 160 59220 2901 2000 250.1 12.50 Rey 
180 61050 3052 2000 Zee 12.88 Broil 
200 62880 3144 2000 265.3 13.26 BPP 
L 220 64710 3235 2000 272.9 13.04: Baae 
120 55560 5550 2000 469.4 Dae, 5.70 
10 4 140 57390 5739 2000 484.9 24.24 5.89 
} 160 59220 5922 2000 500.4 25.02 6.08 
180 61050 6105 2000 515.9 25.79 6529 
| 120 55500 8334 2000 704.2 35.21 8.55 
rey 140 57390 8608 2000 WE g oe 36.36 8.84 
160 59220 8883 2000 750.6 Bess Owe 
20 120 55560 Te 2000 939.0 46.95 Tip 4Ar 


Column 3 is the weight of boiler, the contained water, and the cylinders, 
pistons, and valves. While the cylinders, pistons, and valves do not change 
for any given pressure, their weights are included to make the values com- 
parable with those employed in the analysis of the preceding chapter. They 
are in fact identical with the values of column 3, table 4. 

Column 4. Allowable increase in weight.—The values of this column are the 
percentages indicated by column 1 of the values of column 3. 

Column 6. Increase of heating-surjace.—Values for this column have been 
obtained by plotting weight of affected parts in terms of heating-surface 
(columns 10 and 7, table 5). ‘The results appear as fig. 79. From a repre- 
sentative line drawn through points thus obtained showing the relation be- 
tween the weight of the boiler and water, and the number of square feet of 
heating-surface, it can be shown that an increase of 10,000 pounds in the 
weight of boiler and affected parts permits an increase of 845 square feet in 
heating-surface. Therefore, in table 6, column 6 equals column 4 multiplied 
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by 0.0845. This relation was obtained from data of a boiler designed for 160 
pounds pressure and is assumed to be approximately true for boilers of other 
pressures. 

Cc olumn 7. Increase of heating-surface, per cent, is column 6 multiplied by 100 
divided by column 5. It also shows the per cent reduction in the rate of 
evaporation. 

Column 8. Saving in evaporative performance due to reduced rate, per cent.— 
Values in this column have been obtained from those of the preceding 
column by means of a relationship already established controlling evaporative 
efficiency of boiler and rate of combustion (fig. 12). This relation is such that 
a reduction of 1 per cent in the rate of combustion increases the evaporative 
efficiency 0.243 per cent. Values of column 8 are, therefore, those of column 
7 multiplied by this factor. 


S000 


2000 


45,000 55,000 65,000 
Fic. 79.—Weight of boiler as affected by changes in heating-surface. 

The significance of table 6 will be understood from the following illustration, 
based upon the first lineof thetable. Assuming an existing locomotive operat- 
ing under a pressure of 120 pounds (column 2) to have a boiler containing 2000 
feet of heating surface (column 5) weighing with the contained water 55,560 
pounds (column 3), an increase of 5 per cent (column 1) or 2778 pounds 
(column 4), will permit an extension in heating surface of 234.7 square feet 
(column 6) which, compared with its original surface is an increase of 11.73 
per cent (column 7). This increase in the extent of heating-surface, assum- 
ing the power developed to remain unchanged, will result in an improvement 
in the performance of the boiler of 2.86 per cent (column 8). The facts under- 
lying the analysis are primarily the results of tests. 


VIII CONCLUSIONS CONCERNING BOILER-PRESSURE VERSUS 
BOILER CAPACITY AS A MEANS OF INCREASING ‘THE 
EFFICIENCY OF A SINGLE-EXPANSION LOCOMOTIVE. 


32. In the preceding chapters an analysis has been given showing the saving 
which may result in locomotive service, first, by increasing the pressure, the 
boiler capacity remaining unchanged, and, second, by increasing the heating- 
surface, the pressure remaining unchanged. A summary of the conclusions of 
these chapters is presented as figs. 80 to 85, in which the full line represents 
the gain through increase of boiler-pressure and the dotted line the correspond- 
ing gain through increase of boiler capacity. The values for these diagrams 
are taken directly from tables 4 and 6. It will be seen that starting with pres- 
sures which are comparatively low, the most pronounced results are those to 
be derived from increments of pressure. With each rise in pressure, however, 
the chance for gain through further increase diminishes. With a starting- 
point as high as 180 pounds, the saving through increased pressure is but 
slightly greater than that which may result through increased boiler capacity. 

The fact should be emphasized that the conclusions above described are 
based upon data which lead back to the question of coal consumption. The 
gains which are referred to are measured in terms of coal which may be saved 
in the development of a given amount of power. It will be remembered that 
conditions which permit a saving in coal will, by the sacrifice of such saving, 
open the way for the development of greater power, but the questionas defined 
is*one concerning economy in the use of fuel. It is this question only with 
which the diagrams (figs. 80 to 85) deal. 

There are other measures which may be applied to the performance of a 
locomotive which, if employed in the present case, would show some difference 
in real values of the two curves (figs. 80 to 85). The indefinite character of 
these measures prevents them being directly applied as corrections to the 
results already deduced, but their effect may be pointed out. Thus, the extent 
to which an increase of pressure will improve performance has been defined, 
but the definition assumes freedom from leakage. If, therefore, leakage is 
allowed to exist, the result defined is not secured. Moreover, an increase of 
pressure increases the chance of loss through leakage, so that, to secure the 
advantage which has been defined, there must be some increase inthe amount 
of attention bestowed, and this, in whatever form it may appear, means 
expense, the effect of which is to reduce the net gain which it is possible to 
derive through increase of pressure. Again, in parts of the country where the 
water-supply is bad, any increase of pressure will involve increased expense in 
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the more careful and more extensive treatment of feed-water, or in the 
increased cost of boiler repairs, or in detentions arising from failure of injector, 
or from all of these sources combined. he effect of such expense is to reduce 
the net gain which it is possible to derive through increase of pressure. ‘These 
statements call attention to the fact that the gains which have been defined 
as resulting from increase of pressure (figs. 80 to 85) are to be regarded as 
the maximum gross; as maximum becattse they are based upon results 
derived from a locomotive which was at all times maintained in the highest 
possible condition, and as gross because on the road conditions are likely 
to be introduced which will necessitate deductions therefrom. 


8) 5 10 LES) 20 


Fic. 80. 


The line A represents the saving in fuel when an allowable increase in weight is 
utilized in making a stronger boiler to permit a higher pressure. _ . 

The line B represents the saving in fuel when an allowable increase in weight is 
utilized in making a larger boiler to give increased capacity. 

The relation which has been established showing the gain to be derived 
through increased boiler capacity is subject to but few qualifying conditions. 
It rests upon the fact that for the development of a given power a large boiler 
will work at a lower rate of evaporation per unit area of heating-surface than 
asmallerone. ‘The saving which results from diminishing the rate of evapora- 
tion is sure; whether the boiler is clean or foul, tight or leaky, or whether the 
feed-water is good or bad, the reduced rate of evaporation will bring its sure 
return in the form of increased efficiency. An increase in the size of a boiler 
will involve some increase in the cost of maintenance, but such increase is 
slight and of a sort which has not been regarded in the discussion involving 


boilers designed for higher pressures. 
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Keeping in mind the fact that as applied to conditions of service the line 
A is likely to be less stable in its position than B, the facts set forth by figs. 80 
to 85 may be briefly reviewed. 

Basing comparisons upon an initial pressure of 120 pounds (fig. 80), a 5 per 
cent increase in weight, when utilized in securing a stronger boiler, will im- 
prove the efficiency 8.5 per cent, while if utilized in securing a larger boiler the 
improvement will be a trifle less than 3 percent. Arguing from this base, the 
advantage to be derived from an increase of presstire is great. If, however, 
the increase in weight exceeds ro per cent, the curve A ceases to diverge from 


16 
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0 5 10 1S 20. 
Fic. 81. 
The line A represents the saving in fuel when ll ble i i vei x 
_ utilized in making a stronger bolce eimai ot i ee * 
The line B represents the saving in fuel when an allowable increase in weight is 
utilized in making a larger boiler to give increased capacity. 
B and if both curves are sufficiently extended, they will meet, all of which is 
proof of the fact that the rate of gain is greatest for relatively small incre- 
ments of weight. 

Basing comparisons upon an initial pressure of 140 pounds (fig. 81), the 
relative advantage of increasing the pressure diminishes, though on the basis 
of a 5 per cent increase in weight it is still double that to be obtained by 
increasing the capacity. 

Basing comparisons upon an initial pressure of 160 pounds (fig. 82), the ad- 
vautage to be gained by increasing the pressure over that which may be had by 
increasing the capacity is very small, so small in fact that a slight droop in the 
curve of increased pressure (A) would cause it to disappear. As the curve B 
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may be regarded as fixed, while A, through imperfect maintenance of boiler 
or engine, may fall, the argument is not strong in favor of increasing pressure 
beyond the limit of 160 pounds. 

Basing comparisons upon an initial pressure of 180 pounds (fig. 83), the 
advantage under ideal conditions of increasing the pressure, as compared with 
that resulting from increasing the capacity, has a maximum value of approxi- 
mately one-half of 1 percent. In view of the incidental losses upon the road 
the practical value of the advantage is nil. The curves A and B, fig. 83, con- 
stitute therefore no argument in favor of increasing pressure beyond the limit 
of 180 pounds. 


is 
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Fic. 82. 
The line A represents the saving in fuel when an allowable increase in weight is 
utilized in making a stronger boiler to permit a higher pressure. 


The line B represents the saving in fuel when an allowable increase in weight is 
utilized in making a larger boiler to give increased capacity. 


Basing comparisons upon an initial pressure of 200 pounds (fig. 84), it 
appears that under ideal conditions either the pressure or the capacity may be 
increased with equal advantage which in effect is a strong argument in favor 
of increased capacity rather than of higher pressure. 

Basing comparisons upon a pressure of 220 pounds (fig. 85), it appears that 
even under ideal conditions of maintenance the gain in efficiency resulting 
from an increase of pressure is less than that resulting from an increase of 
capacity. In view of this fact, no possible exctise can be found for increasing 
pressure above the limit of 220 pounds. 
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The line A represents the saving in fuel when an allowable increase in weight is 

< utilized in making a stronger boiler to permit a higher pressure. — : 

The line B represents the saving in fuel when an allowable increase in weight is 
utilized in making a larger boiler to give increased capacity. 
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Fic. 84. 


The line A represents the saving in fuel when an allowable increase in weight is 
utilized in making a stronger boiler to permit a higher pressure. 

The line A represents the saving in fuel when an allowable increase in weight is 
utilized in making a larger boiler to give increased capacity. 
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QO Ss 10 15 20 
Fic. 85. 


The line A represents the saving in fuel when an allowable increase in weight is 
utilized in making a stronger boiler to permit a higher pressure. 

The line B represents the saving in fuel when an allowable increase in weight is 
utilized in making a larger boiler to give increased capacity. 


APPENDIX I. 
THE LOCOMOTIVE EXPERIMENTED UPON. 


“33. Locomotive ScHENECTADY No. 2 was ordered of the Schenectady 
Locomotive Works in 1897. In selecting a second locomotive which should 
serve the purposes of the Purdue testing-plant, it was decided to have the 
boiler of substantially the same capacity as that of the locomotive previously 
employed in the laboratory and which in later years has been known as 
Schenectady No. z.. In some other respects the new locomotive differed 
from its predecessor. Its boiler was designed to operate under pressures as 
high as 250 pounds, a limit which was then 25 per cent higher than the 
maximum employed in practice. Horizontal seams are butt-jointed with 
welt strips inside and out, and are sextuple-riveted. The design of its 
cylinders and saddle is such as readily to permit the conversion of the simple 
engine into a two-cylinder compound. The driving-wheels of the new 
locomotive are of larger diameter than those of Schenectady No. 1. 


Fic. 86.—Outline elevation of locomotive. 


The securing of so fine a locomotive especially designed for its work by the 
university was made possible through the generous interest shown by the 
Schenectady Locomotive Works. Various. other manufacturers, also, con- 
tributed to the general result. Chief among these should be named the Beth- 
lehem Steel Company, of South Bethlehem, Pennsylvania, which company 
contributed the hollow-forged, nickel-steel driving-axles and crank-pins; the 
American Steel Casting Company, of Thurlow, Pennsylvania, castings for the 
main frame, driving-wheel centers, crossheads, pistons, rock-shaft, driving- 
box saddles, and various smaller castings; the Ashton Valve Manufacturing 
Company, of Boston, safety valves; the Detroit Lubricator Company, of 
Detroit, cylinder lubricator; the Williams Sellers Company, of Philadelphia, 


injectors ; and the Keasby & Mattison Company, of Ambler, Pennsylvania 
magnesia boiler-covering. 
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The principal characteristics of the locomotive are as follows: 
Type 


ee rear eG ke, Fone 
Mieighe am Sour drivers, pounds... oo. ccc c boda a chen cessecs ge 761,000 
Valves: Type, Richardson balanced. ; 
IMac uMetT. ERA VOL. INCHES ys sa orishas tiene « wicnaraciaen croteonn csc. 6 
Outsidemiaprinenca sen ee ee ee ee Ss ere 14 
RSI play IMGHeSar EN oR eG cis Wer: Meet: «Aes eres ol eats fe) 
Ports: 
LEST eS Se ee a Re 12.0 
MeUCh er steam: pore ANChes: oS cies etc ea eh wocwecs cas 1.5 
Wirt OMenNatish POE, INEMESs, cca c cs lec ees csceeewse asec 3.0 
peeealeneiee! nase tacts Mahesh ode ook os 23 
Rene Me aR BORO. chr Gia ohicc obra de ote ei tis Caines we 8.5 
Cylinders: 
Heat BOE re WINCINC crete Peete ate ee Asics sy oo tee oie susie one wer asius 16 
SER E CH GMCs eee re er a ee ee pee 24 
Misvers, Giameter front tires taches 2.5 2s ee oo sc cc wn aes 69.25 
Boilers (style, extended wagon-top): 
MiamMerer oh TOs etd INCHES. << 5.55 .< oe reed once dane Gain 8 adios 52 
ISS] SS aah SS TOSS et ee SOI te no can eRe can 200 
SEES OE GES Dig cog Ob ages ra i Par Seah ci s Gara ar a et a 0D 
IAIN eter GLADE NANCHES ase cr eee hae lee Rs ok aa ds eae ns 2 
ReewP terrae Pe PCR Lee ate mgt 8 te eutele SMa rota crls hee Ee A omits Tre 
ear brat pare ORy IMCS ca e7 ove wy sions isvesets Foe Aw © wisn) erelaw a 72.06 
PN EEL Oh TELE ID OG ANCL rete cto eiafel Sievers tists ja aos, aie lo coe wpand ce 34.25 
WEBeirOn tte Ow INCHES a7. cic cite te cia ce sie es Ba «eis oe 79.00 
Heating-surface in fire-box, square feet..............20000- 126.0 
Heating surface in tubes, water side, square feet............ II9Q6.00 
Heating surface in tubes, fire side, square feet.............. 1086.00 
Total heating surface including water sideof tubes,squarefeet 1322.00 
Total heating surface including fire side of tubes, square feet.. 1212.00 


Total heating surface, value accepted for use in all calculations 1322.00 
Ratio of total heating surface based on water side of tubes to 


fRatsbased O18 mite side OL TIDES) .5 we dares shen + eo elses © 1.091 
RG EAMG ATCA SUIELE COLE. ats ciieiiais So ¥ 6.676) wre Wud S 86 igeieiay eis > 17.00 
Meknessiok Crowil-sheet winches... Wiis co eee ele vie sie oie Se wie © ig 
eLinekness Gf ifibe Sheets daChes).c. oc. a= jets cpa ere conve w meee ts 
Thickness of side and back-sheets, inches.................. 2 
MARUMICEEE OF SEA AIONTS, SUCHE 2 wy G.axs Stave 50e.* sqgucie opeuelaveceane © I 
Mremeten on ractalistays, INCHES... eewies tiene + encase 62 6s es it 

Driving-axle journals: 

LO Bsinie Ferme t bele Techs Alacs See ae oi eID C DO Oyo Ora ee ORE 74 
ISI ESTES Se peek bya) IC) SOOT II eo toe ee 84 


34. WoRK WITH SCHENECTADY No. 2.—The locomotive as delivered in 
November, 1897, was equipped with 20-inch cylinders which were bushed to 
16-inch, and as soon as practicable thereafter was regularly operated in the 
routine work of the laboratory. As data accumulated it was discovered that 
the performance of the new engine was less satisfactory than that of the old. 
In seeking a cause for this result, it was found that the inside of the bushings 
was pitted by the tear of the tool which bored them and that the cylinder- 
covers were roughly turned. It was thought that these causes might have 
operated to increase cylinder condensation. ‘The inside of the bushings and 
the surfaces of the cylinder heads were, therefore, carefully polished, but as 
the results were not all that had been anticipated, the 20-inch bushed cylin- 
ders, with their comparatively large clearance, were finally removed and new 
16-inch cylinders applied in their place. Meantime, also, there were occa- 
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sional difficulties in the leakage of steam from the live steam ports to the 
exhaust ports in the joint between the cylinders and saddles. Since after 
each change it was necessary to allow considerable time for the natural 
processes of the laboratory to yield data from which to judge of its effect, 
progress in advancing the more substantial investigations was necessarily 
slow. Meantime, however, several incidental investigations of some impor- 
tance were undertaken, such as an elaborate test of fuels,* a test of a 
new form of valve gear for locomotives, tests to determine the proportion 
of straight and tapered stacks,f and tests of a locomotive stoker. 

With problems of the sort already described requiring attention, and with 
only sufficient money available to permit the operation of the testing-plant for 
purposes of instruction, a study of the effect of high-pressures made little 
progress. It was not until 1904 that the grant was received from the Carnegie 
Institution of Washington which made it possible for the work to be under- 
taken in a manner insuring its speedy conclusion. ‘Thus aided, an organiza- 
tion was effected, assuring the continuous operation of the laboratory, and 
work was undertaken in earnest. During the following summer it became 
necessary to send the locomotive to the shops of the Pennsylvania Railroad 
Company at Indianapolis, where new side-sheets were applied to the fire-box 
of the boiler, it having been found difficult to keep the old ones absolutely tight 
in the presence of small cracks which had developed. At the beginning of the 
succeeding school year the work under the auspices of the Carnegie Institution 
of Washington was renewed, and continued throughout the school year. Asin 
June, some tests still remained to be run, the work was continued into the 
summer, the last test having been run August 7, 1905. 

35. PHOTOGRAPHS AND DRAWINGS.—Locomotive Schenectady No. 2, as it 
appeared when delivered to the University, is shown by fig. 86, a series of 
illustrations from photographs showing the engine as mounted in the labora- 
tory by figs. 87 to 93, and line drawings of its most essential details by figs. 
O4 COMET 


*Testsof Coal for Locomotives, Proceedings of the Western Railway Club, Dec., 1898. 
} Tests of Locomotive Stacks, American Engineer for the year 1902. 
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Fic. 88.—A center of control. Valves controlling water circulation in friction brakes, the traction dyna- 
mometer and scale case., 


Fic. 91.—Locomotive driving wheels and their supporting wheels. 
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Detail of dome brace 
Fic, 94.—Boiler 
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Fic. 97.—Piston and rod. 
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Fic. 98.—Crosshead. 
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Fic. 99.—Yoke and guides. 


\_ levLINDER HEAD 


Fic. 100.—Axle and crank pins. 
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SECTION A-B 


Fic. 102.—Eccentric strap. 
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Fic. 103.—Eccentric blade, 
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Fic. 106.—Rocker and rocker box. 


Fic. 107.—Valve yoke. 
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Fic. 108.—Slide valve. 


Fic. 109.—Reverse shaft. 
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Fic. 110.—Reverse lever. 


Fic. 111.—Throttle lever. 
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Fic. 112.—Dry pipe. 
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Fic. 113.—Steam piping. 
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Fic. 114.—Exhaust pipe and tip. 
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Fic. 116.—Cylinder heads. 
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Fic, 117.—Steam chest and cover. 


APPENDIX II. 
METHODS, AND DATA DERIVED FROM TESTS. 


36. Tue Tests.—All tests, the results of which are herewith presented, 
have been run under a full open throttle. Six different pressures have been 
employed, namely, 120, 160, 180, 200, 220, and 240 pounds by gage. At 
each of these pressures tests have been run at a speed of 20, 30, 40, and 50 
miles, and under all conditions of pressure, save that of 240 pounds, tests 
have been run at 60 miles an hour. For each speed and pressure, where 
practicable, tests have been run at two or more different cut-offs. The plan 
of the tests has, therefore, involved three variables, namely, pressure, speed, 
and cut-off. The purpose of the plan has been to define the performance 
of the engine when running under a wide-open throttle, and within limits 
which were found practicable with reference to each of the three variables 
named. 

Much has already been made of record concerning the methods of testing 
upon the Purdue locomotive testing-plant, making an elaborate description 
unnecessary in this connection.* Great pains were always taken to avoid 
all occasions for correcting observed data. Leaks, either of water or steam, 
were not permitted. In anticipation of a test, the engine was always warmed 
by a considerable period of preliminary running. As a check upon the work 
as it proceeded, observations were plotted as taken. Observers were em- 
ployed as follows: 


To keep running log and time and to read the smoke-box draft gages.............208+ 
To take indicator-cards, to read the dry-pipe pressure, the back-pressure, the draft 

in the fire-box, and to check time on the Bristol recording-gages 
To control the speed by regulating the brake load 
To weigh feed-watet. is. 5% 2s vn cwomipeale eo ote crue alee oan eae ere eee 
To weigh coal and to observe boiler-pressure and smoke-box temperature.......... 
To read the dynamometer and the counter registering the continuous revolutions of 

ob pQrpbil-e-» 4 (ee IS OE ROO ei OTD Eib isd GOO-de on oo Soc sue Sono YTOe0o0b0~ 
To read the throttling calorimeter, the barometer, and the thermometer showing 

laboratory temiperature. 5.0 si. ot «eee eee oe a ee eee 
To weigh the injector overflow and to make a graphical running-log 
To operate the cinder-trap ws «1.0 cee vier sin eee a oe eee 
To sample smoke-box gases 
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37. OBSERVED AND CALCULATED Data are presented in detail by tables 7 
to 22. In these tables each horizontal line represents a test and the several 
tests are grouped with respect to steam-pressure. The duplicate tests, 1a, 
3a, and 5a, the results of which appear in the tables, have been included 
with the others chiefly for the purpose of securing as large a number of points 
as practicable from which to define the boiler performance under a pressure 
of 240 pounds. For convenience in presentation, the entire exhibit is sepa- 
rated into different tables, an explanation of which follows. 


*Locomotive Performance, John Wiley & Sons. Also, Tests of the Experimental 


aes of Purdue University, Proceedings of the American Society of Mechanical. 
ngineers. 
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TABLE 7.—GENERAL CONDITIONS. 


Column 1. Test number. 

Column 2. Laboratory symbol.—The first term of this symbol represents the 
speed in miles per hour, the second the position of the reverse lever upon its 
quadrant, expressed in notches forward of the center, and the third the steam- 
pressure. Thus, the symbol for test No. 1 is 20-2-240, which indicates that 
the test was run under a speed of 20 miles an hour, that the reverse lever was 
in ce second notch forward of the center, and that the boiler-pressure was 240 
pounds. 

Column 3. Date——This column will be of service to those who wish to trace 
the sequence of tests. 

Column 4. Duration of test in minutes.—In general it was sought to have all 
tests of such length as would permit the burning of not less than 250 pounds 
of coal per foot of grate-surface, but it often happened, especially where 
the conditions of a test were such as to tax the capacity of the boiler, that the 
test was terminated because of some unexpected defect, such, for example, asa 
hot axle-box or crank-pin, or the failure of an injector. 

Column 5. Reverse lever, notch from center forward. 

Column 6. Position of throttle—This, for all tests under consideration, is 
shown to have been wide open. 

Column 7. Barometer-pressure, pounds per square inch. 

Column 8. Boiler-pressure, determined by reference to a special gage so 
attached that it could readily be calibrated. The value given is the average 
of observations made at 5-minute intervals. The boiler-pressure was also 
registered by a special Bristol recording-gage, the chart of which was timed to 
make a complete revolution in 6 hours. 

Column 9. Dry-pipe pressure was read from a gage attached to one of the 
branch-pipes. The value given is the average of observations made at five- 
minute intervals. Comparing the values obtained from it with those obtained 
from the boiler-gage should disclose the drop in pressure between the boiler and 
cylinder-saddle. 

Column to. Temperature of the laboratory is the average of observations 
taken at 10-minute intervals. 


TABLE 8.—SPEED, WATER, AND STEAM. 


Column 11. Total revolutions is the difference between the initial and final 
reading of the engine register. Readings from this register were taken at Io- 
minute intervals. ‘The speed was also indicated and registered by a Boyer 
speed-recorder, the reading of which gives a ready means of noting fluctua- 
tions of speed during any given test. 

Column 12. Revolutions per minute = column 11+ column 4. 

Column 13. Miles equivalent to total revolutions = column 11 X circumfer- 
ence of drivers in feet = 5280 = column 11 + 292.31. 

Column 14. Miles per hour = column 13 X 60 ~ column 4. 

Column 15. Temperature of feed-water, the average of readings in degrees 
Fahrenheit at 10-minute intervals. The comparatively high temperature 
represented by some of the values given in this column are due to the use of 
distilled water obtained from the heating-plant. 
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Column 16. Water delivered to boiler is the total amount of water weighed to 
injectors, less that lost by injector overflow. The apparatus by means of 
which the feed-water was supplied and weighed consists of a circular tank 6 
feet in diameter and 8 feet high, from which the injectors draw their supply. 
This tank is fitted with a single water-glass by which the level of the water 
within may be noted. Above this tank, a large weighing tank was mounted 
on a pair of scales, arranged with a quick-opening valve and an overflow. 
When in use, this tank was filled to overflowing and weighed, after which 
it was emptied as needed, and when empty weighed again, thus giving the 
exact weight of water used. A low-pressure Bristol recording gage connected 
with a small pipe opening downward into the weighing tank, by registering 
the difference in pressure as the tank was alternately filled and emptied, 
served as a check upon the count of the observers. This gage was screened 
and locked from those engaged in the weighing. 

The locomotive having been brought to conditions of running prescribed for 
a test, in anticipation of the start the injectors were shut off, and the discharge 
valves of the weighing-barrels closed. Upon signal, the height of the water 
in the water-glass upon the boiler was noted by means of a graduated scale and 
the level in the large tank was defined by means of a light thread tied about the 
glass. As the test proceeded, the water level in the main tank was allowed to 
stand below the thread. At the end of a test it was sought to have the level 
of the water in the boiler the same as at the beginning. This was usually 
accomplished within a small fraction of an inch, variations in height being 
accounted for by allowing 36 pounds for each tenth of an inch difference in 
level. ‘The injectors were shut off either before or at the end of a test, after 
which the main tank from which their supply is taken was filled to the thread 
on the glass. The water which passed the weighing tank from the time the 
test was started until the supply tank was filled to its original level represents 
water delivered to the injectors. 

Water lost at the overflow of the injectors was received by a small cali- 
brated tank upon the subfloor of the laboratory, readings of which were taken 
at the beginning and end of the test. Water thus accounted for, when 
deducted from the total weight delivered to the injectors, gives the water 
delivered to the boiler, as set forth in column 16. 

Column 17. Water lost from bowler includes that discharged by the calo- 
rimeter and, in some few cases, that which was estimated to have been lost 
by incidental leaks which sometimes started during the progress of a test. 
The calorimeter loss per hour was: 

54 pounds when boiler-pressure was 240 pounds. 
49 pounds when boiler-pressure was 220 pounds. 
43 pounds when boiler-pressure was 200 pounds. 
37 pounds when boiler-pressure was 180 pounds. 
34 pounds when boiler-pressure was 160 pounds. 
20 pounds when boiler-pressure was 120 pounds, 

Column 18. Steam supplied to engine = column 16 — column 17. 

Column 19. Water evaporated by boiler per hour=column 16 X 60 +-column a 

Column 20. Steam supplied engine per hour = column 18 X 60 -+ column 4. 

Column 21. Quality of steam mm dome of botler.—This was determined by a 
throttling calorimeter, the orifice of which was 0.072 inch in diameter. ‘The 
calorimeter was attached close to the dome and was carefully wrapped as a 
precaution against radiation. 


ee eS ee 
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TABLE 9,—COAL. 


Column 22. Kind of coal.—During some of the work involved by the tests 
under consideration, different samples of coal supplied by the Cleveland, Cin- 
cinnati, Chicago and St. Louis (Big Four) Railroad Company were used. 
The origin of this coal was not known to the laboratory authorities. ‘The fact, 
however, that the coal was donated and that the principal interest in the in- 
vestigation concerned cylinder performance, seemed to justify its use. Later, 
however, arrangements were made with the C. Jutte Company, under which 
Youghiogheny coal was donated f. 0. b. Cincinnati, and this coal was ex- 
clusively used for all work which had not been done prior to September, 1904. 
The coal thus secured is a bituminous coal of recognized quality. It is one of 
the grades recommended by the committee of the American Society of Me- 
chanical Engineers as a standard for boiler tests. While the records of the 
laboratory are complete for all tests, that of the boiler is omitted for tests not 
run with the Youghiogheny coal. All facts presented by the record are, there- 
fore, entirely comparable. An analysis of the coal used is shown in table 6a. 


TABLE 6a.—Coal analysis. 


Z 2 3 4 5 6 
— ; pe. Ash. Best goatee Fixed carbon. Sulphur. 
I 0.618 8.42 33.044 57-914 0.863 
1a 0.385 9.567 33-054 56.993 0.765 
2 0.752 6.425 23 707 59.115 O.9OI 
3a 0.798 10.089 33-184 55-930 TiO 
5 0.562 7-454 33-628 58.357 0.925 
5a 0.926 Se FEL 32.936 57-426 0.862 
8 0.612 7. 140 33.266 58.981 0.876 
II 0.727 7-440 - 33-854 57-979 0.796 
13 I.060 7.028 33.989 57-922 0.900 
14 0.980 6.161 33.989 58.869 1.022 
15 0.853 1-779 33-580 57-787 0.946 
16 1.040 7.092 33.665 58.203 On 779 
17 0.976 6.320 34.698 58.005 0.890 
QE 0.933 6.385 34.296 58.385 0.794 
22 1.050 7.950 34.385 56.615 0.909 
24 1.057 6.986 33.745 58.211 0.859 
29 0.992 6.845 34.160 58.002 0.879 
30 1.718 7-170 34.503 57-609 0.879 
a2 02773 6.224 34.485 58.518 0.766 
33 0.457 6.907 34.248 58.387 0.883 
35 1.442 6.899 33.616 58.042 0.856 
a7 ciple} 75203 33.420 58.064 1.021 
38 0.656 7 2G 32.675 59.377 0.823 
39 I.O19 6.274 34.194 58.512 eee 
41 1.015 6.705 35 475 56.785 Ee 5 
42 0.852 6.968 34.120 58.060 0.891 
67 0.985 7.890 35.640 55-485 1.040 
68 0.855 6.950 35.320 56.875 ara 
76 0.811 6.326 34.026 58.836 hee 
77 0.540 8327; 34.212 56.921 ke 
| 81 0.709 On it 34.431 58.139 ae 
87 0.850 8.010 35.520 55.615 Ti v 
89 0.212 8.840 34.418 56.495 DELS 
92 1.015 9.370 34-450 55-165 ee 
94 1.100 7-410 35 - 500 55-945 1.227 
a aaa ee 
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Column 23. Dry coal fired.—By ‘‘dry coal” is meant the coal after incidental 
or surface moisture has been removed. A shovelful of coal was taken from 
each loaded barrowasit was delivered to the fireman, and placed ina galvanized- 
iron pan. At the conclusion of the test, all lumps in the coal thus obtained 
were broken tcva fairly uniform size, after which the pile was thoroughly mixed 
and one-half rejected. ‘This process of reducing in size, mixing, and discarding 
was continued until a sample of about 10 pounds weight was obtained, which 
was placed in a galvanized pan of suitable size, weighed, and deposited in a 
rack over the steam-pipes, where it was allowed to remain for not less than 
8 hours. After this, it was again weighed. The loss in weight thus obtained 
is assumed to be the amount of moisture present in the coal,and was entered 
upon the log of the tests as a percentage record. The actual weighings of coal 
for the test were corrected for the moisture thus accounted for. The results 
appear in column 23. 

Column 24. Dry ash.—In locomotive service, not all of the non-combustible 
content of the fuel appears as ash in the ash-pan. A proportion of the whole 
amount of ash, varying with the strength of the draft and consequently with 
the conditions under which the locomotive is operated, passes off by the stack. 
In the practice of the laboratory, the fire was vigorously shaken immediately 
before the beginning of atest and the ash-pan thoroughly cleaned. As the test 
proceeded, refuse accumulated in the ash-pan and at the conclusion of the test 
the fire was reduced by shaking to its original condition, after which the refuse 
in the ash-pan was sprinkled and drawn off into large galvanized-iron pans. 
Generally the whole amount was dried, and when dry was weighed. In some 
cases, however, the refuse was sampled in the same manner as the coal and 
weighed. ‘The result in either case is set forth by column 24. 

Column 25. Dry coal minus dry ash.—Judged by the manner in which the 
data are obtained, the values of this column would in stationary practice con- 
stitute the pounds of combustible fired. The fact that in locomotive service 
it is impracticable to account for all the ash deprives the values of this column 
of such significance. The values of column 25 are, therefore, not designated 
as pounds of combustible, but are presented merely as a difference based upon 
actual observations. 

Column 26. Combustible by analysis ——The values of this column are ob- 
tained by multiplying column 23 by the sum of the volatile combustible and 
fixed carbon given in columns 4 and 5, respectively, in the table ‘‘Coal analysis” 
of this appendix, in the explanation of column 22. 

Column 27. Dry coal per hour = column 23 X 60 + column 4. 

Column 28. Dry coal per square foot of grate-surface per hour=col. 27 +17. 

Column 29. Dry coal per sq. ft. of heating-surjace per hour=col. 27 +1322. 

Column 30. Coal per mile run = column 23 + column 13. 

Column 31. Cinders caught in front end.—At the conclusion of each test the 
front door was opened and all cinders found therein shoveled into large gal- 
vanized-iron pans and weighed. ‘The record will not be found entirely con- 
sistent, since the quantity of cinders collected is a function not only of the 
draft but also of the duration of the test. As the front end becomes filled, a 
smaller proportion of all solid matter going through the tubes remains therein. 
The observed results are given as obtained. 
ae ede i = ae nee the stack.—A measure of the volume of solid matter 

g ack was obtained by the use ofa sampling-tube above 
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the stack, in a manner which has been elsewhere described.* By means of a 
suitably curved tube it is possible systematically to explore the issuing stream 
of steam and gases and to entrap all solid matter which comes within the area 
of the exploring-tube. From data thus obtained, an estimate has been made 
of the spark losses per hour, with the results set forth in column 32. 


TABLE 10.—DRAFT AND BomER PERFORMANCE. 


Column 33. Draft in front of diaphragm is expressed in inches of water and is 
the average value of observations taken at 5-minute intervals. 

Column 34. Draft back of the diaphragm is expressed in inches of water 
and is the average value of observations taken at 5-minute intervals. The 
difference between the values of column 33 and column 34 represents the 
resistance of the diaphragm. 

Column 35. Draft in fire-box is expressed in inches of water and is the average 
of observations taken at 5-minute intervals. The connection with the fire-box 
was by means of a hollow stay-bolt. The difference between the values of 
column 34 and those of 35 should represent the resistance of the tubes. 

Column 36. Smoke-box temperature——The values of this column are the 
average of observations taken by means of a high-grade thermometer at 10- 
minute intervals. 

Column 37. Water evaporated per square foot of heating-surface per hour.— 
This is column 19 + 1322. 

Column 38. Water evaporated per pound of dry coal=column 19 + column 
27. This column gives the actual evaporation. 

Column 39. Equivalent evaporation per hour = column 19 x column 43 + 

65.8. 
F Chinn 40. Equivalent evaporation per square foot of heating-surface per 
hour=column 39 +1322. 

Column 41. Equivalent evaporation per square foot of grate surface per hour = 
column 39 ~ 17. 

Column 42. Equivalent evaporation per pound of dry coal = column 39 + 
column 27. 


TABLE I1.—BOILER PERFORMANCE (CONTINUED). 


Column 43. B. t. u. taken up by each pound of water evaporated = xr+ 
Be cnn 44. B. t. u. taken up by the boiler per minute = column 19 X column 

+ 60. 

Behan 45. B. t. u. taken up by boiler per pound of dry coal = column 38 X 
column 43. 

Column 46. B. t. wu. taken up by borler per pound of combusteble= column 
45 X 100+ per cent of combustible as shown by analysis in table 6a, ‘‘Coal 
Analysis,’’ of this Appendix in the explanation of column 22. 

Column 47. B. t. u. taken up by borler for 100 B. t. u. in coal=column 45 X 
1oo+column 55. 

Column 48. Bowler horsepower = column 39 + 34.5. 


i i i . f High Rates 
se omotive Sparks, published by John Wiley & Sons; also, The Effect o é 
of BR anastion eos the Efficiency of Locomotive Boilers, Proceedings of the New York 
Railroad Club, September, 1896. 
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TABLE 12.—CHEMICAL RESULTS. 


Columns 49 to 52. Composition of flue gases.—The sampling of flue gases was 
accomplished by the use of a long copper tube passing through a suitable 
fixture attached to the shell of the smoke-box. The sampling-tube entered 
the smoke-box radially and was of sufficient length to extend to its center. 
Gas entered the sampling-tube by small perforations near its inside end. The 
arrangement was such that the penetration of the tube into the smoke-box 
could be varied from nothing to 28 inches. In taking a sample, the tube was 
systematically moved over a distance of 3 or 4 inches at a time and allowed to 
remain in each position for a period of several minutes. In this manner each 
sample was drawn from all points in the path of the tube. The samples were 
in all cases drawn from the smoke-box over mercury and were analyzed by 
means of an Orsat-Muncke apparatus. Every effort was made to secure 
accuracy in this work. A skillful chemist gave his entire time to securing 
samples of gas and coal and in analyzing the same. Notwithstanding the 
precautions taken, the results do not serve any large purpose in explaining the 
performance of the boiler. For example, among the results of the tests are 
some showing abnormally high boiler performance, and others for which the 
performance islow. It had been hoped that in some of these cases at least the 
composition of the smoke-box gases would disclose the reason for abnormal 

erformance. It has been concluded, however, after an elaborate study of 
the whole matter that no safe relation can be traced between the actual 
evaporative performance of the boiler and the composition of the smoke-box 
gases. Computations have been made, also, for a considerable number of the 
tests, in the development of a heat balance, into the calculation of which the 
composition of the smoke-box gases enters. Such computations, however, 
developed a factor unaccounted for too large to justify the work. The defect 
in the process of determining the composition of the gases lies probably in the 
methods by which the sample is secured. ‘The fact seems to be that no system 
has yet been devised by which a sufficiently representative sample of gas can 
be secured from the smoke-box of a locomotive into which gases of many dif- 
ferent values are doubtless discharged, the movement of which is too rapid and 
the course by which they proceed too direct to insure any considerable amount 
of mixing in the smoke-box. The problem is one which merits further study. 


Column 53. Awr used per pound of carbon is calculated from an analysis of 
the flue gases. 


Column 54. Excess atr. 

Column 55. B.t. u. per pound of coal.—Values in this column are calculated 
from the analysis of coal. From each sample of coal which had been sub- 
mitted to the drying test a sample sufficient to fill a quart fruit jar was taken 
for chemical purposes. This sample was employed in determining the volatile 
combustible matter, fixed carbon and sulphur from which the result was de- 
termined. (See explanation of column 22.) 


TABLE 13.—EVENTS OF THE STROKE FROM INDICATOR-CARDS. 


The indicator work received careful attention. In all cases two instru- 
ments were used upon each cylinder. A short nipple and elbow constituted 
the only piping between the indicator and the cylinder. The drum motion 
was positive and provided a reciprocating-bar which moved just behind the 
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drum of the indicators, permitting action from the shortest possible length of 


cord. The drum motion was designed to give a card of 3.75 inches in length. 


The design of the reducing-gear is shown by fig..118. Cards were taken at ro- 
minute intervals throughout the test. The results recorded are the average 
for all cards. 
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The valve setting for the test is best shown 
by the valve-motion diagram, fig. 119. 

In reviewing the tabulated data, it will be 
found that the position of the reverse lever does 
not always define the events of the stroke. For 
example, the cards may show considerable vari- 
ation in cut-off for two tests which were run 
with the same position of the reverse lever. 
This results from the inertia effects acting 
upon the valve and its gear and from differences 
in the condition of lubrication, in combination 
with lost motion in joints and strain in parts. 

Columns 56 to 60. Admission. 

Columns 61 to 65. Cut-off. 


TABLE 14.—EVENTS OF THE STROKE (CONTINUED). 


Columns 66 to 70. Release. 
Columns 71 to 75. Compression. 


TABLE 15.—PRESSURES FROM INDICATOR-CARDS. 


Columns 76 to 80. Intteal. 
Columns 81 to 85. At cut-off. 


TABLE 16.—PRESSURES FROM INDICATOR-CARDS 
(CONTINUED). 


Columns 86 to 90. At release. 
Columns 91 to 95. At compression. 


TABLE 17.—PRESSURES FROM INDICATOR-CARDS 
(CONTINUED). 


Columns 96 to 100. Least back pressure. 
Columns tor to 105. Mean effective pressure. 


TABLE 18.—ENGINE PERFORMANCE. 


Columns 106 to 110. Indicated horsepower.— 
The power was calculated by the use of a con- 
stant based upon the accurately determined 
dimensions of the engine and representing the 
horsepower, assuming the engine to make one 
revolution per minute in response to one pound 


meaneffective pressure. "These horsepower con- 
stants are as follows: 


Horsepower constants: 


Right side: 
Head end s.cnch oe ee ee 0.01222 
Crank end. Ge alt ho ee eee .O1186 
Left side: 
Fleadien dl iai5:., vier csecdl- sented ete eter 0.01243 
Crank end 


aia. al entd (or ahinns eee easy eae EEC .O1207 
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The power for each cylinder end was determined by multiplying the horse- 
power constant by the average mean effective pressure for a test, columns 101 
to 104, by the revolutions per minute, column 12. 

Column 111. Steam per indicated horsepower per hour by tank.—This is 
column 20+ column r1o. 

Column 112. Steam per indicated horsepower per hour by indicator =(col- 
umn 127— column 132) X 60 X column 12 + column 110. 

Column 113. Coal per indicated horsepower per horsepower hour = column 
27 + column IIo. 

Cc gH 114. B. t. wu. supplied engine per minute =column 20 X column 
43 + 60. , 

Column 115. B. t. u. supplied engine per minute, assuming temperature of 
feed to have been equal to temperature of exhaust = column 20 X (column 
43 +T — 32-49) +60 where T is the temperature of feed-water and q the heat 
in 1 pound of water at a temperature corresponding to the least back-pressure. 

Column 116. B. t. w. per indicated horsepower per minute = column 114+ 
column rio. 

Column 117. B. t. u. per indicated horsepower per minute, on the assump- 
tion that the temperature of the feed was equal to the temperature oj exhaust = 
column 115 + IIo. 


TABLE 19.—STEAM SHOWN By INDICATOR. 


In determining the weight of steam present in the engine cylinder at any 
point in the stroke, three factors must be known, namely, the volume occupied 
by the steam in question, its pressure and its weight per unit volume. The 
constants for volumes employed in determining the weight of steam shown by 
indicator, as determined from accurate measurements, are as follows: 


Piston displacement in cubic feet. 


Right side: Left side: 
iealead aie wee ere oes c's 2 8020 Hea dtetidie sacra marist seis 2.8486 
@rmisendes ts See ae re 2 2+ 7196 Cranks ends istic cremernse 2.7660 


Cylinder clearance, per cent of piston displacement: 


Right side: Left side: 
PEN cet aeto ehe ei os: sy aha lees nessse 7-44 Headvendie.. sericeteticre eta iad 
Reale on oe soc oie 208 4 Cranks etid ae cose sk erosional: 7.63 


The volumes for any point in the stroke was found by adding the per cent 
of that portion of the whole stroke which the piston had passed over to reach 
the point in question (columns 56 to 75) to the per cent of clearance, and 
multiplying by the piston displacement. 

The pressure above atmosphere at the several points in the stroke to be 
investigated appears in columns 76 to 95. The weight per unit volume cor- 
responding to this pressure was found from Peabody’s steam table. 

Columns 118 to 122. Pounds of steam shown by indicator at cut-off—The 
values given are the average of those obtained from indicator-cards taken at 
ro-minute intervals. 

Columns 123 to 127. Pounds of steam shown by indicator at release.—The 
values given are the average of those obtained from indicator-cards taken at 


10-minute intervals. 
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TABLE 20.—CYLINDER PERFORMANCE. 


Columns 128 to 132. Pounds of steam shown by the indicator at the beginning 
of compression.—The values shown are the average of those obtained from 
indicator-cards taken at ro-minute intervals. 

Column 133. Weight of steam per revolution by tank = col. 18+ col. 11. 

Column 134. Weight of mixture im cylinder per revolution = column 133 + 
column 132. 

Column 135. Per cent of mixture present as steam at cut-off = 100 X column 
122 + column 134. 

Column 136. Per cent of mixture present as steam at release = (100 X column 
127) + column 134. 

Column 137. Reevaporation per revolution = column 127 — column 122. 

Column 138. Reevaporation per indicated horsepower per hour = column 
137 X 60 X column 12+ column rio. 


TABLE 21.—PERFORMANCE OF THE LOCOMOTIVE AS A WHOLE. 


Column 139. Draw-bar pull—vThe values given are the average of observa- 
tions made from a traction dynamometer at 5-minute intervals. 

Column 140. Dynamometer horsepower.—To aid in calculating dynamometer 
horsepower, a constant was employed representing the horsepower which 
would be developed if the drivers were to revolve one revolution a minute and 
the locomotive were to exert 1-pound pull at the draw-bar. One factor in 
such a determination is the circumference of the drivers, which by accurate 
measurement was found to be 18.063 feet. Upon this basis, the dynamometer 
horsepower constant is, K = 0.000547. The values in this column are, there- 
fore, column 139 X column 12 x K. 

Column 141. Machine friction im terms of mean effective pressure = column 
105—the M. E. P. equivalent to the pounds pull at the draw-bar, column 139 

Column 142. Machine friction, per cent of indicated horsepower = (100 X 
column 141) + column 105. 

Column 143. Machine friction horsepower = column 142 X column r11o. 

Column 144. Steam per dynamometer horsepower hour = column 20 + 
column } 40. 

Column 145. Coal per dynamometer horsepower per hour=column 27 + 
column 140. 


TABLE 22.—COMPARATIVE PERFORMANCE OF THE LOCOMOTIVE ASSUMING INCIDENTAL 
IRREGULARITIES IN THE RESULTS OF INDIVIDUAL TESTS TO HAVE BEEN ELIMINATED. 


Column 146. Equivalent steam to engine per hour, feed-water at a temperature 
of 60° F. = column 20 X (column 43 + column 15-60) + 965.8. 

Column 147. Equivalent evaporation per pound of dry coal, assuming the 
evaporative efficiency of the botler to have been represented by the equation E = 
11.305 — 0.221 H, where E is the equivalent evaporation per pound of coal 
and H is the rate of evaporation per foot of surface per hour. For values in 
question, H = item 146 + 1322. 

Column 148. Dry coal fired per hour, assuming the evaporative efficiency to 
be that shown by the equation, equals 146 ~~ column 149 
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Column 149. Dry coal per indicated horsepower hour = column 148 + 
column r1o. 


Column 150. Equivalent steam per indicated horsepower hour = column 
146 +column rio. 

Column 151. Machine friction in terms of mean effective pressure-—The 
purpose of this column is to eliminate irregularities in action due to variations 
in lubrication, etc. The values given are those obtained by drawing a smooth 
curve through plotted points in the manner described in detail in paragraph 
25, Chapter IV. 

Column 152. Machine friction horsepower is the power-equivalent, assuming 
the friction M. E. P. to have been that shown by column 157. 

Column 153. Machine friction, per cent of indicated horsepower = 100 X 
column 152 + column rio. 

Column 154. Dynamometer horsepower = column 110 — column 152. 

Column 155. Draw-bar pull = 33,000 X col. 154 + (18.063 x col. 12). 

Column 156. Coal per dynamometer horsepower hour = col. 148 + col. 154. 

Column 157. Steam per dynamometer horsepower per hour = column 146 + 
column 154. 
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TABLE 7.—General conditions. 
Designation of tests. Re- 
Dura- eee DAR Boiler Bee 

om | peter | Puen) meee) ee 

Se ovabar |. DS | eat leans | bare, | BYESE:/pyaage| eee 
Zz ward. 

1 2 3 4 5 6 v 8 9 10 

Min Lbs. WEDS. Lbs. oR a 

I 20-2-240 | Mar. 1, ’05 | 180 2 | Wide open] 14.47 | 241.5 | 240.9 | 72.0 |} 
1a | 20-2-240 | Jan. 27, ’05 | 155 2 ye dOnae | L447 | 235 Omi 23200 neo oeomne 
2 20-4-240 | Feb. 18, ’05 | 120 4 aes al eka AON 242 2a ere 69.0 
3 20-6-240 | May 13, ’04 | 125 6 7o.d0... | r4e4t (238238 23722 Siew, 
3a | 20-6-240 | Feb. 3, ’05 | 150 6 22.005... "1270: | 23654) 233K0M cone 
4 20-8-240 | Feb. 1, 05 |... 8 We eGkOn ns || MACON Koytey | 5.6.55 - Bos 
5 30-2-240 | Feb. 20, ’05 | 120 2 Se Ona Et4 a5 Orn < 24 Os Om lerenemee 78.0 
5a | 30-2-240 | Jan. 9, ’05 | 165 2 oe GO 1601 £4.00) 22052 3 2250 aoe 
6 30-4-240 | May 2, ’04 | 140 4 petdOs e001) TA GAS | 240.2 ai 2 ore iaet eee 
Fi 30-6-240 | Jan. 20, ’05 35 6 ..G0s.2 | T4:45 | 237.5 232 0R ame 
8 40-2-240 | Mar. 3, ’05 | 165 2 saeGO.e . I T4e G4 | "242. ©) E2AO) Seine 
9 40-4-240 | Apr. 29, ’04 | 115 4 32.dO..t£4039 | 240.1 | 220225 ogre 
10 40-6-240 | Jan. 11, ’05 |... 6 7. dOs. |) 145345) 240,05) 228,,0n pommel 
Il 50-2-240 | Feb. 24, ’05 60 2 Se OO. weil ie 5242) JOn aneierans 69.0 
12 50-4-240 | Feb. 6, ’05 | ... 4 we GdOng. |) 14s4O) 5220-0 cle ter tea 
13 20-2-220 | May 8, ’05 | 180 2 » 200... | 14.40 22856 || 2132 a poume 
14 20-4-220 | Apr. 24, 705 | 185 4 12 GO... | 14.50) 200.8) poe Onon mona 
15 20-6-220 | Apr. 26, ’05 | 165 6 os GO... | T4520 |= 22057 ue 2s eye) 
16 20-8-220 | Mar. 24, ’05 | 125 8 129 d05.6 | E4,44-| 22016 218 o4elorere 
17 30-2-220 | May 12, ’05 | 210 2 2o300.... | £4.47 | 22025) | 210. 7ecoee 
18 30-4-220 | Aug. 3, ’05 | 120 4 32 «GOs. || 14.40: "220.0 |e 2To ek eSomeE 
19 30-6-220 | July 10, ’05 | 100 6 ~22O, 2. |) TAa40"| 218.8 leo unl Ome 
20) | 30=8—220) | Align "1,205 ||). 8 Fe CdOnee Ne TASAA nor Skom eereres ioe 
21 40-2-220 | May 17, ’05 | 200 2 elie an) 14) BOu| 22 Onc7 neu ale CORE 
22 40-4-220 | Aug. 7, 705 60 4 .-d0..0 | 04.40 | 2E8k6 | 212. sal essmome 
22 A0-6—220 | ANS. Ty 705, I mee 6 seniOge eA Aaa alamo ers alee eee mos i 
24 50-2-220 | May 109, ’05 | 120 2 »5.d0... | [4e47 | 220.87] 218%0 1k Scnoms 
25 | 50-4-220 | Aug. 4, ’05 30 4 Mee aces) trbing exo) || 5 conc 83.0 
26 | 50-6—220 sedoun suet 6 pKa | sole mbe || axa |) Soa s Selene 
27. | 60-4—-220 ACIS c 4. or GOh ann |e 4nd kee 22 Ol lee ae 
28 | 60-6-220 | ....do. ne 6~4 5. .dOs;~ | Yeayoleaoco. eer ae 
29 | 20-2-200 ; May 10, ’o05 | 210 2 2. «G0. 15 ||) 14.400] 200.2) 19650m moma 
30 ZO PISO) |) GC, Gf “OR ||| Ditto) 4 22 CO. 14. 37) 1OOTOme1OOnO mez aan) 
31 20—O-—2O00%| Dia wl Ona net & 6 Peer Names | see so7 | 55466 78.4 
32 20-8-200 | Mar. 27, ’05 | 150 8 7a,00. 1 || 14-404|, 200.3 E195 0mleSane 
33 30—-2—2008 PAPi-n 10s 05) 2kO 2 Pome nna | svinvien| Telon7k | Acose | Si. 
34 30-4-200 | Apr. 6, ’04 | 190 4 -2-d0... | 14\404| 200.071 exOOn sm NI 5EO 
35 | 30-6-200 | June 1, ’05 | 150 6 | ...do.... | 14.40 | 199.4 | 106.7 seam 
BOM 3O—5—2008| AUS meen OSM Near 8 Bo0bOsce || twin | A00,G) | ooaoc onan 
37 40-2-200 | May 23, ’05 | 180 B 13.0... || 14.50%) 200: Al eLOS SOME CTO 
38 | 40-4-200 | Feb. 22, ’05 | 165 4 ECO Rese) we OGG. oo onc 78.0 
39 | 40-6-200 | Apr. 28, ’05 | 115 6 “dO. j| T4200 199s Aa TOUNAN IE SORG 
AO |F4O-8—2008 | VAT or O5 ul eee 8 Soe | wl SK | soon. Sree 
4I 50-2-200 | July 8, ’05 | 100 2 -.-d0... | 14.40 |'200.5 | 197.8°|"8a00 
42 50-4-2004| Apr. 5, 705 | 120 4 +2 +00, ly. 30 | 200-68) “toons 79.0 
AS | 5050-200) AUS AR Ob as 6 +. OO... hAeA Ta 202601 aes Res 
AA || OO=A—200 ||" adorn 4 COA. | Ieee || AOC) on on 0 Bo 
Abe) 00-6200 |e ed Onwae fe 6 pi COncral DA PAT > ORO Bee Tee 
AGW e20—2—180) | Heb 17 oan nano 2 5 COR g olf EGO) | SAIS | WR fe) 
47 | 20-4+180 | Feb. 15, ’04 | 240 PW ene T: FoR anaes ie 179.0 es 
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TABLE 7.—General conditions—Continued. 
Designation of tests. Re- 
verse : Oe hems 
Dura-| lever Baro- Boiler i me pera- 
‘ ce ey See ae Re ae 
Laboratory ottle. = f sane = 
: E pea rs “ge “or, mete Pe BARE by geae tory. 
a ward. 
- = ad 4 5 6 7 8 9 10 
‘ 
Min Lbs Lbs. | Lbs. | °F, 
; 48 | 20-6-180 | Mar. 16, ’o4 | 210 Ge Wideropent) 2454 | 180.0) 176.54) san 
49 | 20-8-180 | Mar. 18, ’04 | 155 8 ee COM Mots s4 5 CO) sue Tere Ai 
: 50 |20-10-180 | Aug. 1, 705 |... 10 Peon eal At WTS TOs asec eos 
51 | 30-2-180 | Feb. 19, ’04 | 240 2 wRdOjs- PTA. DS WLstG Wi 1786 ley OKO 
52 |.30-4-180 | Mar. 28, ’04 | 220 4 Ow AA METS sou w78.0) e740 
53 | 30-6-180 | Mar. 23, ’04 | 150 6 Org || NSS. Nl 7O,Onex7 0.0. | Sr sO 
54 | 30-8-180 | Jan. 20, ’04 | 100 8 SEO ne nrili Ants Wel7O. 40 075 45.1) 780 
: 55 |30-10-180 | Aug. 1, ’05 | .. 10 PER OOe ae WIL ACAA ||| T8083 vil Nass ose 
56 | 40-2-180 | Feb. 26, ’04 | 220 2 ee COw We tAa50: |) Lo2su 178.0 | yao 
57 | 40-4-180 | Feb. 24, ’04 | 220 4 POs lela wat NL TSrs teller 78.8. e740 
58 | 40-6-180 | Dec. 6, 704 | 105 6 HedOyw., Wi4.45 | 170.8.)) 170.2 | 8070 
59 | 40-8-180 | Apr. 11, ’04 85 8 A BOC |e Mie) Neogene iyhe nal spe 
q 60 |40-10-180 | Aug. 1, ’05 | ... be) Se On accel eA SO/<Oulle feeavers sf 
61 | 50-2-180 | Feb. 29, ’04 | 120 2 COs awl TAS2OR ET S253 a mek 6) (5.0 
; 62 | 50-4-180 | Feb. 22, ’04 | 115 4 TCO LAA ST e183 a oT7O. 7 ee. 
63 | 50-6-180 | Mar. 2, ’04 | 60 6 | .tsdo... 14.49) 180.70 275.5 (7720 
64 | 50-8-180 | Aug. 4, ’05 | ... 8 Ae COR ea LAA Laie sO alpen ise sac 
65 | 60-4-180 | Aug. 4, 705 4 Rep O neice WEN 4 ole T GOO Milnes cee as 
66 | 60-6-180 | Aug. 4, ’05 |... 6 edOu se NEA ear I T8OsOa™ aj. a1. ae 
67 | 20-4-160 | July 19, ’05 | 210 4 PEOr asad a TOOS2m et 5O.0 (OT). 
68 | 20-6-160 | July 27, ’o5 | 210 6 pen dOre ard 40) le LOOs2 53.5) S010 
69 | 20-8-160 | Mar. 30, ’04 | 185 8 eClOl een ela eOuet SO. 3 Toys ole 7400 
70 |20-10-160 | Aug. 1, ’05 |... 10 COs een Aa AA alle TOL AO mies ctr Beste Pont 
71 | 30-4-160 | July 6, ’05 | 210 4 COM tl eLAT SS eLOOe ai LOOk3 so 7.50) 
72 | 30-6-160 | July 18, ’05 | 210 6 eC One saat A SEL SO alle Soe On 740) 
a 73 | 30-8-160 | Apr. 18, ’04 | 145 8 ee eCOL ee nA 40 weLO22 a TSO..Q) SO. 0 
74 |30-10-160 | Dec. 16, ’04 | ... 10 CON | PA AOM eG 77 aller g vee | 
75 |30-12-160 | Aug. 1, ’05 12 es Oeeeen CAAA alle OOw Olle te ceeclcire ge 
ie 76 | 40-4-160 | Apr. 12, ’05 | 210 4 Pe COn ets. Ons TOM On| 1 5OnO) e771 
77 | 40-6-160 | Apr. 19, ’05 | 170 6 PeGOe i LAr On |p TOO .Onls 15 Aaja || OO1O 
78 | 40-8-160 | Apr. 13, ’04 | 110 8 Onan al L464 5 et Od «1 eT5 SON 60). 
79 |40-10-160 | Aug. 1, ’05 | ... ce) ep Omatect|) TAA: ged Qin. a lenyess ane 
80 | 50-4-160 | July 28, ’05 75 4 eAO eh eA aS 7a) LAO. Hel soo4s ieo3 Od 
81 | 50-6-160 | Apr. 17, ’05 | 120 6 WECM ee LA AO Nie TOO- OSE U5 5: On Mk77O | 
82 | 50-8-160 | Aug. 4, 705 |... 8 LON MAA AT allie LS On Orallens rotate Serie 
83 | 60-4-160 | Aug. 4, ’05 4 Pen ee eN ACT ale TOO. On musty. = eae 
84 | 60-6-160 | Aug. 4, 705 | .. 6 5 te I Gol Saree aes 
20-4-120 | Jul POs eZ TO: 4 Pde. Suiler4éss ni I2Ord rz... 480.0 
= te July p 105) 3.210: 8 Pee CoOs ee lel4e2O IeI2l gale rhs. 0"|90.0 
87 |20-12-120 | July 11, ’05 | 200 12 edoden Wietd COnlletZO.05| TUS .6' 1|/:83..0 
; 88 | 30-4-120 | July 20, ’05 | 210 4 Peon lated VeL2005 eT 10..0 oe a5 
89 | 30-8-120 | July 5, ’05 | 210 8 PAO wet 4esO) lel2On4e LD 7: . .O 
go |30-14-120 | July 12, ’05 | 120 14 Pe CO Wert AO wet 20.0 elias 3 : .O 
gt | 40-4-120 | July 21, ’05 | 210 4 Pee Oni ale TA 4On tO) Sieg Lily A ee 
92 | 40-8-120 | July 14, ’05 | 190 8 ECOL eet 5Ollal20, 5,0) LL 7.1 are 
93 |40-12-120 | July 13, ’05 | 120 12 Ga tee le rd 4a ETO] Oat £O\,.0 BS. 
94 | 50-4-120 | July 22, ’05 | 120 4 GON. @ LA A0) WO TLOLO £8. 6 oe 
95 | 50-8-120 | July 25, ’05 | 120 8 On lA SOU lel2O.43,5| E072. 3 oe 
96 |50-11-120 | Aug. 7, ’05 40 II Pe GOne. |e t4n40: |) 120.1 | 110.0 .O 
97 | 60-8-120 | Aug. 4, ’05 | ..- 8 CO ae Mae Tall 20 40a tailors ; 
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TABLE 8.—Speed, water and steam. 


Design ten Speed. Water and steam. 
: ‘Tem- Water : 
Miles Wa- _ | Steam |Quality 
a pera- : evapo ee of 
. | Labora | rotat [Revels] eauiva-| ariies fture | WAN" | ie | “sear | Fated [ptied tol steam 
os tory revolu- per total rie Ps 4 | ered to from |plied to} 4 alibes engine in 
g | symbol. | tions. |minute.| revolu- | 7047 i boiler. | boil-| engine.) “jo, per | dome, 
= tions. yee er. Lone Lene dry. 
1 2 11 12 13 14 15 16 WW 18 19 20 ZL 
oF) «Bb. Lbs.| Lbs. Lbs. EBs... | Pen 
1 |20-2-24017, 009] 94.49] 58.19|19.40]83.0/22, 330] 525 21, 805] 7,443] 7, 268|98.90 
1a|20—2—240)15, 007| 97-27] 51.57/19 .96|82.0)/20, O12|....] ..-- 7 TAON seis IO SsO2 
2 |20-4-240. 11, 727| 97-72| 40.20/20. 10|69.6)20, 172] 308/19, 864|10, 086] 9, 932/98.90 
3 |20-6-240'12, 137; 97 09] 41.52/19 .92/60.5|23, 500) 68/23, 432/11, 280/11, 247/99 .16 
3a|20-6-240 14, 499) 96.66 49.60/19. 84/85 .3/30, 083]....| .... [12,033] .--- |98.93 
4. |20-8=240) 4h 2a |) 97300!) 2 t= EOE OO) Merely aete |rny ane nere Havas Heees Beri cic 
5 |30-2-240,17, 538/146.15| 59.99/29 -99|86.0)19, 331| 406/18, 925] 9, 665] 9, 462/98.91 
5a|30-2—-240 24, 018/145.56| 84.74|/30.81|94.0/30, 21T]....| .... |10, 986) .... |98.65 
6 |30-4-240 20, 441|146.00) 69.93/30.00|61.5|/26, 912] 77/26, 835/11, 534/11, 500/98. 76 
Gp Koo 10| ae Whieeretse)| Sign dA 7fae6Ollna Gal) to ooa | /aowe too es 50 aoae 
8 |40-2-240 32, 086/194. 46|109.76|39.91|80.6/28, 616] 586/28, 030] 10, 405/10, 192|98.97 
9 |40-4-240 22, 383|194.63| 76.57/39-95/61.1/25,959| 63/25, 896/13, 544/13, 511/98.74 
LO ||4O—6=240)\ Voces || 2ZO7OO| tepals oe [42 147] ocener tl mkereltenon || [ete gel) ems OOE oeey ee Solace 
II |50-2-240 14, 903/248.38) 50.96/50.96/82.3/11, 777| 150/11, 627|11, 777/11, 627/98 .93 
12 |50-4—240)" ur. |243. 60 - |50.00 fees see ; he 


22, 376|1176|21, 200) 7, 458| 7, 066/98.99 
28, 197| 771|27, 276] 9,145] 8, 846/98.99 
31, 578/1305|30, 273/11, 483/11, 008|99.18 
29, 555| 830/28, 725/14, 186/13, 788/99 .01 
30, 842]1015|29, 827] 8, 812] 8, 522/98.95 
21, 539} 98]21, 441/10, 769/10, 720|99. 11 
22,158] 171|21, 987/13, 294/13, 192/98. 89 


13, |20—2—220]17, 434| 96.83] 59.64|19.88]/75. 
14 |20—4—220]18, O51| 97.57] 61.75|/20.03|76. 
15, |20-6—220|16, 069] 97-39] 54-97/19-99/81. 
16 |20-8—220]12, 225| 97.80] 41.82/20.07/83. 
17 |30-2-220]30, 665|146.05|104.95/29.97|66. 
18 |30-4-220/17, 538|146.15) 59-99|29-99|73- 
19 |30-6—-220|14, 626/146.26} 50.03/30.02/71. 
ZOOM ZOO —2 201 aes 3 4018 a 
2I |40-2—220/39, 059]195. 29/133 .62/40.08|63. 
22 |40-4—220|11, 683|194.71) 39-97/39-97|75- 
23 |40-6—-220| .... 5 en BO janes, blteeete ei eeaeters ahs Seren each 
24 |50-2—-220|29, 210/243.41| 99.92149.96/65 .0/20, 218) 298)/19, 920|10, 109] 9, 960\98.87 
25 |50-4-220} 7, 303|243-43| 24.98)49.96/73.8| 6,793) 23] 6, 770/13, 586/13, 540/98.96 
26) |50-6—220| 22. ayarets : ue rs Paxe Malte reeelletetesttcees Bette ees Paice 
27, NOO-A=220) a.) 2925 30lme te ll OOKOO| rete 
28 |60-6—220 2OZ53ZO| ase 4|OOSOO|leaer. 


Anohuon|: 


32, 146 466|31, 680] 9, 644] 9, 505/98.9¢ 
12,107] 49/12, 058|12, 107/12, 058/98.95 


23, 038| 885/22, 153] 6, 582] 6, 329/99.13 
28, 164|1740)26, 424) 8, 046| 7, 549|99.07 
28,601) 81/28, 520] 9, 806] 9, 778|98.92 
31, 500] 392/31, 108/12, 600) 12, 443]/99.15 
27, 069|1637/25, 432| 7,734] 7, 266|99.20 
29,965| 87|/29, 878) 9, 462) 9, 434/98.97 
30, 699] 234/30, 465|12, 279/12, 186|99.02 


29 |20-2-200|20, 389| 97.09] 69.75|19.91|80. 
30 |20—4-200 20, 364| 96.97| 69.66\19.90|80. 
31 |20-6-200/17, 067| 97.52] 58.38/20.02/62. 
2 |20-8-20C|14, 587] 97.25| 49.80]19.92/82. 
33 |30-2-200}30, 683/146. 11|104.96|29.97|/77. 
34 |30-4-200]|27, 776|146.19| 95.02/30.01|67. 
35 |30-6-200)21, 922/146.14| 74.99|29.99|67. 
36 |30—-8-200] .... Fg ate ‘SSilys. prone le Mal cae eset meee Shoe pore: eee 
37 |40-2-200/35, 062/194.78/119 .94/39.98/64. 2/25, 098] 368/24, 730] 8, 366] 8, 243 99.02 
38 nee Bes ae gs 109 . 90/39 .90/80.0/30, 969] 516/30, 453/11, 261/11, 073/99. 17 
39 |40-6-200)22, 388/194.67| 76.5 -96|/83..8/28, 681 1/28, 340|1 6 , 786/99. 
40 |40—-8-200 eras ee : = Soe es ke pany ee ee 
41 |50-2-200)24, 338/243 .38) 83.26/49.95|71.9|14, 288] 170|14, 118] 8, 572| 8, 471|99.02 
2 |$0-4-200] 29, 262/243 .85]/100. 10/50.05/81.5/24, 881] 936/23, 945|12, 440/11, 972/99 .08 


OAR COM HO}. 


50—6-200 ae <6 
Adm 00-4200) i229 2520) Ne OOOO |e 
ANS Sloe ore 10 OIE OeOl noe Kwon ool Goss oan sll sacs Ress ra/emaus ooahere 
46 |20-2-180)|23, 458| 97.74| 80.25|20.06 54-0)22, 202} 102/22, 100] 5, 550] 5, 525 

, , , ) 98.8 
47 |20-4-180)23, 482] 97.84] 80.86/20.08|53.2 28, 318] 100|28, 218] 7,079 viosaoomea 
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TABLE 8.—Spheed, water, and steam—Continued. 
Designation S 
of tests. Speed. Water and steam. “| 
Lab Total |Revolu at se. ee nae St Qual 
3 ora- yolu-) eauiva- . She) ‘ = eam - 
3 tory ene — lent to geet =< pAfaid +S oe ‘rated ed e ity of 
symbol. tions, 2 ota’ d : ; , |plied to) steam 
* minute, evolu hour. | feed | $5F.1° from [lied te boiler engine | in 
ee | : ter. ec hours | bour | dry. 
1 2 11 12 13 14 | 15 16 17 18 19 20 21 
Reh toes cvs) 67.69} 70: 1825.05 "eat Rear Lbs. | Lbs. Lbs. Lbs. | P. ct. 
49 | 20-8-180/I5, £37) 97-66) 51.78)20.02 60. a boc ee tA es es ce 
BOW 26=FO-FS80| .... || 98.00) <2... 20.11 ae ee ee ta ey or 
51 | 30-2-180|35, 223/146. 76|120. 50|30.12/51. 3/25, 131| 101/25, 02 rhe aire Me 
Ne 8 fe. oiie]x45 a7 \r0e 35/29. S0\¢3 leo; eal o1|29, 663 Be SEO STOO 
5S O-6—180}21, goo | 74 OO, Tee 9729, Og Es E15) 0901094 
54 a 180 are 6 = ae Be Ea oar a) B20 > OES 19905 
a , 676|146.7 0.2 ; Eee . ; 
15-180 ig 48 ip eee fa 59.1|22, 762| 350/22, 412/13, 657\13, 447/99 .06 
7 alleen ee ame SO ell ctea eel eee oll) Tackcta ilk ekeceeallegaisrtc sl) om eae 
§7 | $o-si8042,927 195-12/146.05)40.58 58.0134, 192) 99 54.098 9, 426| 9, 401 98.95 
5 40-6—180120, 333 193 64 oI SB ae : , 4 2. 5) oe » 301|90.95 
. d -75|55-O|21, 996, 294/21, 702|12, 563)12, 401/98.96 
59 | 40-8—180|16, 722|196.72] 57.20/40. 39/6 c Poe ae 
: -39|60.0/22, 357| 27/22, 330/15, 788|1 I} 
60 |40-10-180| .... |196.00 ; Saree 
Era HOS 22 ally ren: 
ee poleg, 220k pel Beye, coxPeal ico eeeaea| ark ota ete 
BS sinloy. ore ae = zz 97 pak aig eg 50\14, 266) 7,158) 7, 133)99-17 
: 5 ; 77\ 95-51/49.85|/50.6/19, 270} 50\19, 220)/10, 057/10, 032/99.05 
3 | 50-6-180|14, 824/247.06| 50.71/50.71/59.3|/13,791| 25/13, 766/13,7 - 
ioe | 50-8-180) .... [243.60] 2... 150.00 - IPAS eee 
Sai pe Dee tes pe ES oe Sees s Peas whee ie eae cer | AER 
ON OO-OSESO) 2.\.0 1292330) =<... |00..00)|.. 5s} e~ ss : are <e 
Sa ee ee ell Rates Mane cobsie comllerexcuel Ml esac 
A : ; 9.98]73-3|21, 643] 105/21, 538| 6, 183] 6, 153/99.32 
s ate 474 chad 23% aon ei 27,416] 108/27, 308| 7, 833] 7, 802 hes 
; . : De 4 7 
7O |20-10-160| .... | 98.00 die te a rere Pas Memhwirie nc) Ce 
71 | 30-4-160)30, 651|145.96|104.85 29.95/71. 3|25, 6 103 25, 56 + 340| 7, 311/99.23 
a Spee 683 a ssaaprae o 72-7 34, 7 107 as A 36 705 Shas 
—8—160|21, 231|146.42, 72.60 30.02/56. 7/28, 922 8, 
74 |30-10—-160) LAG 2O\r a & Sa) 1ZO oe ne re eee a Ges 
2 BO-12 -100|) 255. 1150.00) - =... 130.78)... o- e he e ee| seas ie et ae 
7 40-4-160) 41, 006/195 .27|/140.28)40.08)75.9 30, 692|1 29, 42 8 8 6 8, 408 ).3¢ 
77 | 40-6-160/33, 096|194.68]113.22|/39.96 76.8/32, ee ee II, se eee tik 
: eee a 544|195-.85| 73-70|40.20|60.0/26, 405 41/26, 364|14, 403/14, 380|99.00 
Mo-te100) 215. |F92.00\ ..5. 139.40)... = fern eee [cee [ose ee | 
80 | 50-4-160|18, 271|243.61| 62.50)50.00/73.5 II, 460| 38/11, 421| 9, 168) 9, 137 99.31 
~ aoe 29, 263 Mo Pe 100. 11|50.05/69.0)25, 665] 800/24, 865)12, 832/12, 432/99. 27 
Een DAS HOON She GOOG col aeiete safes else wren (2 clei sles 
83 | 60—-4—-160 te BO} shard 2a bee yee 
84 | 60-6-160] .... |292.30| .--- Oe Sen eS Fa |\ ed cect meee aon 
85 | 20-4—-120|20, 439| 97-33| 69-92|19-98)/72.7|15, 299 7O\15, 229] 4,371) 4) 351/99-34 
86 | 20-8-120]20, 387| 97-08] 69.74/19.92|71.4/25, 200) 70/25, 130| 7,200) 7, 180|99.43 
87 |20-12-120|19, 408) 97.04 66 .39/19.91|70.9|34, 439| 66/34, 373]10, 331)10, 312/99 - 32 
88 | 30-4-120/30, 692|146.15|104.99|29.99/74-3/18, 495) 70/18, 335 5, 258] 5, 238/99.44 
89 | 30-8-120|30, 755|146.45|105 .85|30.05|72 0/31, 354) 70/31, 284 8,959) 8, 939|99.28 
go |30-14-120/17, 497/145.81 59 -86|29.93|70.6/31, 208} 40/31, 168|15, 604/15, 584/99 - 37 
gt | 40—4—-120]40, 957/195 -03|140. 10)40.03)74.3/19, 516) 70,19, 446] 5,576) 5,556/99-45 
g2 | 40-8-120/37, 052/195 .O1 126.75|40.02/71.5|33,955} 79)33, 885/10, 722/10, 702|99.28 
93 |40-12-120|23, 446/195. 38 80.20/40. 10|70.5/31, 700] 40/31, 660/15, 850/15, 830/99 .43 
94 | 50-4-120)29, 246|243 .71|100.05|50.02)74.5)11,955) 40/11, 915| 5,977) 5» 957/99. 47 
95 | 50-8-120/29, 214/243-45| 99-94 49 .97|73-2|24, 088] 40/24, 048|12, 044/12, 024/99 .27 
96 |50-11I-120) 9, 844 246.10| 33-67/50-51|73-4|10, 779| 13/10, 766) 16, 168\16, 149'99.39 
197 | 60-8-120] .... |292-30] ---- PSISCSOV thio ck! o, canel (ore? DI be RON acre ec carcass |e 
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HIGH STEAM-PRESSURES IN LOCOMOTIVE SERVICE. 


TABLE 9.—Coal. 


Designation of Coal. 
tests. 
Dry | Dry Bs 
e coal | coal 3 
D om- er per Seo 
Dey coal ree eed oa. = on Coal ag So 
, D in- | tible fe) eat- SO WCET ass 
g | Svmbot” | Rind of cont] 5 fc] as |e | er | ate | Sas | mille | | er 
2 oak: ysis. hour.| face | face 37 heim: 
Bill per | per # 
Zz hour. | hour 1o) 
1 2 22 23 |24| 25 | 26 | 27 | 28 29 30 | 31} 32 
Lbs. |Lbs.| Lbs. | Lbs. | Lbs.| Lbs. | Lbs. | Lbs. |Lbs.| Lbs. 
I | 20-2240 Youghiogheny. . » + -|2818/260|2558 2562| 939} 55-2] 0.71] 48.4] 70] 35.0 
LG| 2O—2—BAO| ea sm OOn einer erie 2524|247|2277 2271| 9771 57-4] 0.74] 64.6] 85] 40.9 
2 | 20-4—240). jdOmiereciero ora 2597|173|2424'!2410|1298] 76.2] 0.98] 64.4] 87) 50.9 
3 | 20-6-240 Big Four “1I”.....|. Real eel one ees eo ANS Simicyfeccatcar|tosi0 | hase o = 
3a| 20-6-240 Youghiogheny Pe ares 4134/337|379713084|1654| 97.3! 1-25] 83.3)167| 78.0 
AN 208-21 Oa eee einerouetste) sles ietetsers foretne corel Sete Peteeete lbemenedo paee tomer wre | ssrecie atl cea ee 
5 | 30-2-240| Youghiogheny..... 2448]202|2246|2252|1224| 72.0] 0.92] 40.8/202/ 23.8 
5a| 30-2-240|.....do.. . .|4391)380|4010/3969|1596|-93.9| 1.20) 50.6)208] 54.6 
6 | 30-4-240| Big Four “‘“H” clltesio rset ueees vegeta meer feveste Me eens Saale eee 
Fale Or O— 24 Olam cher retercnotenet ates epetaios PR chen acre eee eee eacto lmariorentimynolortliotn | oc. 
8 | 40-2-240) Youghiogheny..... 3866) 435/3431/3566/1405| 82.6] 1.06) 35.2/107| 37.2 
Cito prceliishhadskeic lek 5 olla baollooslmsonlcoca|aocn!| ocac SPR i ci|N 0 0 - 
KO) || MOO NO ae Bacio. Sodio O50 apal|o.6 ol Avallpenetetel|iere ele (ere stall) cstome: ell aeneyartal laa ReNcs haa eee 
II | 50-2-240| Youghiogheny -{I459} 67/1392|1339|1459] 85.8] 1.10] 28.6] 81] 41.1 
E25 O= 421 Olmert ateteneleneiene etme easter eaallho caskedes fle osecone [ltl @: arto Sie, eel) Caratach Nomen eect a 
13 | 20-2-220| Youghiogheny..... 2502)/203|2299/2300| 834] 49.0] 0.63) 41.9] 56] 18.7 
14 | 20-4-220].....do.... -13357/351/3006/31 10/1088] 64.0] 0.82] 54.6] 85] .... 
TS, | 20—6—2 20) ao « COn acmtaorrcters te |4306|349/3957/3934/1565| 92.0] 1.18] 78.3]121| 54.4 
16 | 20-8—220].....do. -/4274|244|4030|3926|2077|122.2| 1.57/103.5|198|117.1 
T7 i 3O=2—-2 20 pan COmsoctere se 3832/28143551/3552/1094) 64.3] 0.83] 35.8] 92) 24.5 
18 | 30-4-220|.....do. -|2940|177/2763|2690|1470] 86.5] 1.11] 49.0]100} 52.3 
TO) | 30-6220) ny. OO sera cites 3116|195/2921|2851|1869|109.9] 1.43| 62.2/116|126.7 
ZOOM SO=S—2.20| naw oer cneter ate iatermersy-coteeellc uss lhetestel |tanteecal fewest 3 sieve || -svehela'll eyed eal ees ee 
21 | 40-2—220 ae Japhet 4052|304|3748 3755 1215 71.5) O.92]| 20.31035) Ages 
2O2NGAO—A—2 20) vais cvarenels do -|1604] 95|1509|1459|1604| 94.3) 1.21] 40.1] 63] 56.0 
D3N\\ AO=O—=22 O\| Sasa, ore ene tetas sei a tosis revere meee weiss wells ete} oe nell) ace el [teeta a 
24 | 50-2-220 es oe ave tae 2614/213/2401/2403|/1307] 76.9] 0.98] 26.1] 98| 80.8 
25 SO= A220) fy crouse Cl Ole (eter mace ete 1005} 43] 962} 919/2010/118.2| 1.52] 40.2] 57/121.1 
ZO AN 5 O= O22 Ol vic ieveliotelcusta eimerere erase eee oe reailotoreys Cdl le Sb AES (et x: 
DTW GOO-A--2 2k oere whe ierareneyeeey coe iene tects ere | eee es ee a0 Gately De 
PROTA J Ore Ore POA BI oc biG. a OL bike cantolla chow Suni Udo pio Ol cicoralleDioial| wacariicea! oo. - 
29 | 20-2-200| Youghiogheny ....,2712|177/2535|2499, 774| 45.5] 0.58] 38.8] 53] 11.2 | 
30 | 20-4-200]}. .do -++++13534/345/3189/3255|1010| 59.4] 0.76] 50.7] 81| 31.4 
31 | 20-6—200 Big Four “17... cl. Pe aoe ome calles a sacteesl| oo. 
2 | 20-8-200 Rt susraifenc 4157/|268/3889|3866|1663| 97.8] 1.25] 83.4|158] 60.8 
Bom O=2—2 OOl lara Cl Olcnseuseeteiey tere 3274|275|2999|3032 5)| 55: Ol 0.70]. 3 rea 3 
BAe 30-4--200 |e toe HOt aol 2 eee Chal sper entre Rees “ae ae ee i. “te 
35 | 30-6—-200 Youghiogheny ators 4164/311|3853/3816|1665) 98.0] 1.25] 55.5|150 63%7 
BOMEZO=O=—2 O00 IPreceint teeta ee ner Bike) eu Ckoeee Ion occa cro cll rcrqall ararotilstoet ao 4 - 
37 | 40-2-200 pe esr 3091 )225|/2866|2827 1030] 60.6] 0.79] 25.7] 85| 24.5 
- pa ct 2 fo sr antaere kero matte 4055 ae 384213733|1474| 86.7] 1.11] 36.8|105| 72.6 
y = S600 Ook -|4029}2 I |2102|123.6 5 
gore ody ane eicbgfec close besa) coho oan ea 
41 | 50-2-200 sgl gs savihens 1772|164|1608/1635|1063) 62.5] 0.80] 21.0] 68] 28.2 
AZINE O-4—2. OO | pea eeiCl On nae en naar 3153/239|2914/2906/1576| 92. : : 
437)|"'5O-0-—200 |fic acetone ee eter eee omen or ve oe ae ee eee 
AAS RGO-A=200| ocre store cee one are 5 eae, .: 
AS | OOH O= 200 hin tere settee eee ee ‘ 
AOR C 20-21 30| abi seh Onna h ae 
A 20-4—T SO err ClO ete eae ene eee 
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TABLE 9.—Coal—Continued, 
Designation of 
tests. Coal, 
Dry Dry f=] 
Dry |Com = eee 2 
~| Dry ‘wd | Sparks 
he a coal bus- | ¢oaq | 84: ft. | sa. ft.) Coal ore 
8 aS Kind of coal. Sosa Heed us = Pe ari eile Pe on 
4 ir 
a ash, (inal |hour.| FU. | fH | rum | 88) hour. 
4 per per A 
hour. | hour. oO 
1 2 | 22 23 |24| 25 | 26| 27 | 28 | 29 | 30 | 31] 32 
48 | 20-6-180] Big Four “H”’.... ay on oe i) : i 2 si ng oa, eee 
Meme20-O- TSO) ..2 5 CO... Sdecloe a ow llee ais | ore nage ale 
OMEEAC PO BOO! tn se a a see Saree ellie «oi [aie ellis, o,-atilieles « poke 
Pameao-2-150| Bis Pout 9G. Shea s |e lta se lelow sees @ ere 
52 | 30-4-180| Big Four “I”.....]....|...]. rolls 
53 | 30-6-180].....do. Sed arahelt arene 2\fier ews tRner site Ieseuse Slt 
54 | 30-8-180 Linton run of mine.|....|... alls 
Go | RES Re | SS cers ee casio [Orc onal (ene aed| cic | ce ac eal 
EG | 40-2-180| Big-Four “G”.....|....)...|.. alle 
pe O AE OO! 6a UO. ewe ce emf ac oc Sale 
58 | 40-6-180 Linton run of mine|....|...|....|....[...- wale 
59 | 40-8180] Big Four “H”....)....[..-|....[.---[ee- lke 
ON HO—TO—L SO) o-6 os eer nara ale ee sft Shc 
61 | 50-2-180| Big Four ““G” aly 
62 | 50-4—180}..... AO oe esos os thos ES 
63 | 50-6-180)..... do. elie 
| O— 8 ESO «owls < ale nic icine oe owe fi pals 
OO —A— ESO! io ceyaie 2 + cle sie ontiei > fice'> lla ai fea es Sn | rote valores 
Ace |) (ESAS ol ES See re seed eee Cone Vemma Wares |isaacar ale ee kes ce lame eeerell| Barat vege A 
67 | 20-4-160| Youghiogheny . (2531|/191|2340/2306} 723] 42.5] 0-54/36.19] 58) 12.51 
68 | 20—-6—-160). PAG seers «> 3352|238/3114|3090] 957| 56.3] 0-72/47.8 | 77] 13.21 
69 | 20-8—160 Big Four “I” Be 5 ol ei ral sce caltos shores Bo cer bee aca Mc faces cela | ee 
FO |2O-10-160] ...------- seer eee le ees eM Rep ctey eal ise cel lickese lllimtereas, eleven Meerehelltetedehl) areneer 
71 | 30-4-160| Youghiogheny..... 3089 276|2814/2815| 882| 51.9] 0.66/29.13] 74] 13.05 
72 | 30-6-160). BO Onaictenee nine aed 4100|332/3768)/3719|1171| 68.9] oO .88/39.0 |107| 29.13 
73 | 30-8-160 Big Four “H” 5 | Reel etaresailee cages Fe olpte.oke A Praia een cosas 
74 |B3O-10-160] ..-- +. ee eee vee e eee le ree leee 59-44) oe Sie | Meeto errno 
75 |ZO-I2-160] .-.--- 2 ee eee eeeeeee Mearns teneycLallthe, 9.4 Mle, )|) React sea ictedell a <kaes 
76 | 40-4-160 Youghiogheny..... 13775|288|3487/3505|1078 63.4] 0.81/26.8 | 80] 24.7 
77 | 40-6-160] . BAG. cise.e eisie ete ie 29513928|3848|1490| 87.6) 1.12/37.3 |117| 44.4 
78 | 40-8-160 Big Four “H” cee leerralares iG iecllt kooks 3a Riera Pel ag atte 
7Q |4O-10-160] .. 0+ - ee eee eee lee ele ee ere vib eo ere tt Mee Koll! cobagopa|ledsioll sheep’ 
80 | 50-4-160 ta mnie oid Gade ae 11393] 75|1318/1281|1114| 65.5] 0.84/22.3 | 48) 23.22 
81 | 50-6-160].....d0........----| 3444 237|3207|3187|1722|101.3) I.30/34.4 |105] 77:9 
82 | 50-8-160|........-- eee recess bs || ere) | ck £56) otSa es enlace oem 
83 | GO-4—-160! ..---- 2. eee ee eee eeele ees + Foealle sesame 
84 | 60-6-160|..-..------ eee eee: ke a) Cee Al Se oie!) Alo hall PetesialllP eran lerorolll paeteea 
35) | 20-4-120 Ul aaaagmed oon et 1873|164|1709|1707| 535| 31-4| 0-40\31.4 | 32) 13.07 
86 | 20-8—120}..... do . .|3119|300/2819|2838 891| 52-4| 0.67/44.7 | 88) 12.0 
87 |20-12-120]..... do.. . |4327|289|4038|3942/1299 76.4) 0.98|/65.3 |139| 34.2 
88 | 30-4-120]..... CLO racweteiets ahi iets 2107|150|1957|1943| 602] 35-4| 0-45|20.1 | 31) 9.1 
8g | 30-8-120].....dO.....----+-- 37851333/3452|3441 1081| 63.6] 0.82/36.0 | 88] 54.1 
gO |30-14-120]....-dO.......----- 4412|258/4154|4051/2206|130.7 1.68/74.3 |170|/194.5 
gt | 40-4-120|.....do. .|2271|179|2092)2071 648] 38.2] 0.49]16.2 | 41] 45.5 
92 | 40-8-120].....d0.....-..--+ 4190|275/3915/3753)1323] 77-8) 1.00|/33.3 |117) 32.9 
93 |40-12-120].... AGOR re: otetere diesels 4563/275|4288|4122|2281|134.2) 1.72 56.9 |153/219.7 
94 | 50-4-120].....dO........--+- 1366| 90|1276|1249| 683) 40.5] 0-52/13.7 | 33) 15.5 
95 | 50-8-120].....do. . .[3137|241|2896 2886/1568] 92.3) 1-18)31.4 | 94) 63.6 
96 |50-II-12Q). GO: 11512| 68|1444/1391/2268)/133.4) I.71/44.9 86)173.0 
HQ7 \6O= 8-120)... 2. 0 eee pine teelo n> all feveware ciewenzilles sexe) forausa Pelee we mylarsuatl dercae 
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HIGH STEAM-PRESSURES IN LOCOMOTIVE SERVICE. 


TABLE 10.—Draft and boiler performance, 


Designation of Draft. Boiler performance. 
tests. 
Water aVaten Equiva- | Equiva- | Equiv- 
Bea! ae In fire- Sieh € aa ae evapo- | Equiva- Rete le ee Pie 

¥ Laboratory gos oe pee iene per sq. a phi ae tion per | tion per | rated 
5c symbol. | inches/inches| of per. ft. heat-| ,ound | tion per bac Hie pe eee 
q of ae Prater ture jing-sur- of dry ote! eating- |gratesur pou 
E water. | water. Of eee eee coal | sone eee oe 
1 2 33 34 35 36 37 38 39 40 41 42 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
T |) 202-240) |) 2-3. |) LO On Oa ae OC OOM mS nos 6.68 | 519.9 | 9.40 
Ta) 20-2=240) || 22 | SLO) 7h O85. 53 Oe GORING So 6.90 | 540.5 | 9.40 
2 | 20-4240 |) BO 204 Wl esl 74S e 7 OSa ey oat 2 1O95 0. 15 | FIZZOM nO aa2) 
2) 20-6-240 | AS56256 ein 7 il) JAS Se 5 S|) creel LaO4 ot LOl Gia NSO2 7am mare 
3a) 20-6-240 | 4.0 | 2.7 || 1.8 | 730)| 9. 10 7.27 14, 2208 107608) S37 \OmmenO® 
B|\ AE S=OGy || a5 |) o 96 one 500 oglu 6 bg es ee ago oo 38 
5) BO=2=240: 9354 2a eA Pepe Ono lane yeS Om | tiles Azzy) S045 6725 2— Ones 
5a] 30-2-240 | 3.5 | 2.4 | 1.8 | 698 | 8.31 | 6.88 |12, 893 OL75.| F5ouOn|MouOs 
6 | 30=4=240) || 4.42 7 5) | SON Se 72 a ein SOUS LON 52 aS oer eee 
Gj) || BORO OGY |) a sc oe si oe emepts caine ae O65 Sewte Loe 
SAO =2=240) 37) No2ay || Yar Outer OS 7a laeeA 2a EOS) 9..35.4| F270) WeSe@ 
9 | 40=4=240 4) 5.6 |) Bak W923 | SOO) |TOR25.( a TOSS L2n sO oogue Bi 
TO) |AO—6—2410) |r.) eae SroIG 560 Per ae meee eS Pias Aa Nie Se neg 
Ir | 50-2-240 | 4.1 | 2.9 | 2.0 SOL 58207 It37977) | LOss7 | S22sOulmomse 
D2) O=A=2410 Wee etree ae secdscadley siete a |laeaae ei whee Paar ee Soko 
13 |) 20-2—220 17250 | tO) P V20 | POS2 mS OMe Sermon OOS 6.72 || 522.8 KONOs 
TA | 2ZO-A—220 8270) 2nOu lt 9 iu 70S | NOSO2MiSo Om MOnoor 8.23 | 640.0 .|10.00 
15, | 20-60-2206 43 1 3. k 2h 1) FOAN ES OOM 7233) 135. Ol 20 TOL 20m NSOOnom mSmae 
16 ||) 20=8=220) 6.0 | And 25 20 S069 O73) NO.S2a1O, OO mT Ome Sica OmOS 
Gp | CO Boro AIAG || G05@) | Woe a oen | AGW | S.OF" [tO 588 8.00 | 622.07) 9o. 75 
Te) BO-A=220 a3.) 2 nO ve Oma awe Sea S alles Sapa OO sn 0775. 759-9 | Ooms 
19) | 30-6=220 || 5.6 | 358 | 253 |) 8x3) |\1OZ06 | 711 115,880 |) I250T | Ros smonEseta 
XO || BOAT noc 5000 BA‘ mad see ene Bite ovo 2 ere BY 0 
Pie MO vow | et || Neel) IED || GS |) 9) RO. || F3OB. |iiity COZ 8.77 | ©8220) Rous 
22>) AO-4-220 | 4.8 | 324 | 220/780 |9Ont6 197254) TAA S87 eo. oO 5m S52 On monos 
Bee WN OOP) oo |) por Hee to oa wile ste oo || oo oc BS olok roms Sie Soa 
BA 5 On 2=22 | Bi A ar 20102 Teme) eae OA Tent Te eA jae IgG) || -y 20 
25 | 50-4—220 || 5.8) | 3-9 | 1.7 |) StO TOnz2o M675 (10, 205 eian2 salmon ehonlmonoG 
ZOE 5O—-0—22 0) | aa ond : a Se bio 26! wor 
2 NOO-A— 220) al are ox : 5.0 
28 | 60-6—-220 |] ... Prey at eae Se sae ue nets aoe 
2ZQN 20-2200) |nien 7 eT 2oe One ant aero Om bores Om lin TOO 5-89 | 458.0 |10.07 
30 2O-4—200 255) el Salip las OS2 a OnOOmemmOOMmO ses 7-29 | 560.0 || e443 
BOG 5 XOOPS Oe || eer oenae i Sexy || xs | ee on a (itty SOR 3.92" 602-00 nem 
3271) 20-38-2001 521 9355 | 23 1 FON Ons Gilltgi5 om IEA OOs mia 876.6 | 8.96 
BSn NC On2e 200 E2525) TRON OLS MO7 2s Osler 2OMmlmonea2 6.96 | 540.0 | 9.82 
SYR N) BiSe EIGN aren | Ae Xey | Gen | Or P56) || co oe itty Bre $2 564 (605). meee 
35) |) 30s0= 200,742.00 355) | 2a e788) Of 20m Tea 7a 7 OSalletnen 865.0 | 8.83 
OR ec COM Mnond| oe ated) seca a.c 8 | od 10 SO vate Spl. ore 
Biba LISP POON | BEY | AESOP ie an | OKs: || oR) || Sie he, ONS : 50) : 
Gioy WAC ACO) | AE || UO) |) ike |} cos || VoG2 | WOR |ieay Boe a = a es a 
39) || 40-0=2001F O70 FATS aieae Omi Sas mlitaie sal levee aa ea OCG) 13.38 |1040.0 | 8.41 
EGY || MOSIACS) || oc 350 aod doe Foes c woe mheusne ae ae 
Hi al SO ZOO ALS) |) GC5O) || 38428 || Os) CoS | Ba@s Ovong 7/5 CO2e2 9.64 
42 | 50-4-200 8 é 26.2 68 41 .89 |14, 72 
43 | 50-6-200 3s es oe ae ans eee ee ee 
ease aie sche BOR BEE 
Ast OO=0—200m meee mee Si Soe a Font oe 
40 || 20—2-180) 14 | tO On 7a O5 mimeo 6, 705 ie) fo) 
AW NiO ES esiey WON || 46.25) bay | G28 || Rosas 8, 556 ee oom 
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TABLE 10.—Drafi and boiler performance—Continued. 


Designation of 


tests. Draft. Boiler performance. 
Front} Back Water Equiva- | Equiva- |Equiva- 
of dia-jof dia-|{p fire-/SMoke| €vapo- | Water Rating lent lent lent 
p Paterseus phr- | phr- | box, box, | tated So dee evapora- | evapora- evapo- 
ha or agm, | agm, | inches tem- ag Sale! rate rarer: tion per | tion per | rated 
2 Se inches|/inches| of Perse Peseat-| Der Bava lee it. sq. it. per 
: Shon| woter| "HS “ok frase per| of coul| sour. | Mrune'| ere, | pound 
4 ore Soreen hour. : per hour.|per hour. eo 
7. 2 33 34 35 36 37 38 39 40 41 42 
Lbs. Lbs. Lbs. Lbs. Lbs. Lbs 
Bome2O-O- 180) 228°) 127 | 1.3. | 673 | 6.45 | 2... 10256 Tihs) W003 33 
ae 20 250 | 3.9 | 2-3 | §.7 |) 718 | 8.20] .... | 12878 | 9.74 1758.0 
eee EO TSO bas | as mise) MLicsb sat “Aliases beret ir 
Pee gOns £OO" | L7 Est | O27 654 | 4.75] Law: 7611 Sie LOM MPAA rey 
RA too y 2.5 |G i 2 1639 | Gira "| cS. 9720 B35 | 5 pes, 
Een S20 -160 | 3-6 | -223°| 2-0 || 688 17.34.) 2... | rr651 8.81 | 686.3 
ae FOO) 5-8 113-3] 2604) 762 170.33: 5... || 26424 | 12.42°|-966..4. 
55 |30-10-180 | ... Sie eke Ss ana pee ore hee Sets 
Soap O-2 tO" 7-1-8 j 1-2 | O.8 | 636°|..5. 10! | 25. . 8107 6.13.) 476.0 
meee BOO. SO: |) £40 | 16 4 687 | 7.05) 2... | 1272 8.53 | 663.4 
Seto -O tem) | 5.2 13-2 | 2.04750 | 9.51 | 2... | e517 | 11.47 | 802.0 
eso 80 TO | Aa ee Oo 83r |T1 594 |) .... || 18962 | 14.34 |rTrs.0 
RETO ECE SOM Mane. NC fete el mines dl ate ool) ear apats Ba neehy sec Sear 
Pe sO-2 180 | 1.8 9be2" | O70 | 630) /5-4¥ | a... 8651 6.53 | 508.0 
Sas 5500) 3.5. ip2-3) | 250 |\\7o7 | 7.61 | 2... | 12786 GO | GAS 
ape ob 160 | 5.5 | 3-0 | 2-24) 778 |10-43 | ow... | 26596 | 12.55 | 976.2 
ea SO-6-1TSO") .2 5 I. Sas racomtenrarte ace the eae Gea 
65 | 60-4—180 4 is othe 
66 | 60-6—180 es 4 Shes Maes Bes joes ee ies 
67 | 204-160 | 1.6 | 1.3 | 0.9 | 631 |- 4.68 | 8.55 7348 5-55 | 432.0 |10.16 
Ge) 20-6160 | 2.4 | £28 | 1.1 | 667°] 5.93 | 8.18 9314 FOAM. SAGE OV On 72 
69 | 20-8—-160 | 3.4 ap aoe OHO» | F220 | aoe - Bieicte 8.61 | 670.0 
Zo |20-10—-160'| ... ee SynGer| A ote wl eunncatic Picea Lae Mee 
wi 30-4160 | 2-0 | 1.4 | 1.0 | 662 | 5.55 | 8.31 8735 6.60 | 513.0 | 9.89 
m7) 3O-0-t69 | F.49) 2.4 | 1.8) 707 | 7.36) 8.31 | 11573 8275 | OS8h.0) OL a7 
ia) gO-o 160 | 4-9) 2-9 | 1-8 | 763 | 9.05 eae EO.OM 1 645,10 ore 
Fa 1ZO-FO—T60 ||. .< he Be oo6 se 0 = 
ma sO—F2—-100 |... + ae $20 Sane eae BG eke bidve S.qtc 
76 | 40-4—160 | 2.7 | 2.0 | 1.5 | 690 | 6.69 | 8.20 | 10493 WiQan Oi77,0) O01 73 
aeAe-6 100) 4.419 3.2 ) 2.4) 761 | 8.7% | 7.72'*| 13647 | 10.32) 803.0 | 9.16 
Fo1 40-8-160 | 6.2 | 3.8 | 2.3 | 790 |10.904).... paaty Wh UG OG ITOTOL Oye. 
79 |40-10-160 a Fis bs Aan a dyer caede See 
80 | 50-4—-160 | 2.9 | 2.1 | 1.4 | 691 | 6.94 | 8.22 | 10892 8.23 | 641.0 9-76 
Sn), 50-6160 | 5.0 | 3.5 |-1.5 | 786 | 9.71 | 7-45 | 15302 | 11.57 | 900.0 | 8.88 
S20) -50-S—100 | . . a iy ten eras ees es 
| 83 | 60-4-160 ra Sone aie Nest: 
84 | 60-6—160 | ... ante ae ine ae Sarr mtake oe Beste it cing: 
85 | 20-4-120 | 0.9 | 0.6 | 0.5 | 581 | 3.31 | 8.17 5171 BEOnm Ose Oui O07: 
86 | 20-8-120 | 2.2 | 1.5 | 1.2 | 630 | 5.45 | 8.07 8531 6.45 | 501.0 | 9.56 
SO-12-120 || 3.6 | 2-7 | r.5 | 718 | 7-81 | 7-96 | 12235 G25) | 7rOHO! |) Oat 
30-4-120 | 1.2 | 0.9 | 0.7 | 608 | 3.98 | 8.73 | 6214 Av7O. 204.0) |,5O..32 
30-8-120 | 3.0 | 2.1 | 0.9 | 676 | 6.78 | 8.28 | 10571 7.99) | O25.0) | 0.77 
30-14-120 | 7.5 | 5-1 | 2.6 | 835 |11-80 | 7.07 | 18507 13.99 1088.0 | 8.38 
40-4-120 | 1.3 | 1.0 | 0.7 | 606 | 4.22 | 8.58 6591 4.98 | 387.0 |10.15 
2 | 40-8-120 | 3.9 | 2.8 | 1.4 | 727 | 8.11 | 8.10 12693 9.60 |1*746.0 91.59 
40-12-120 | 7.8 | 5.2 | 2-8 | 842 |I1.99 6.94 | 18794 | 14.20 /1105.0 | 8.2 
50—4-120 | 1.3 | 1.0 | 0.7 | 630 | 4.52 | 8.75 7063 5.34 | 415.0 |10.34 
50-8120 | 4.7 | 3.4 | 2-1 | 765 | 9.11 | 7.68 | 14230 1O.7'6: || 8370 |) 9.07 
50-11-120 | 8.1 | 5.7 | 3.6 | 838 |12.23 | 7-12 | TOII6 | 14.45 |1124.0 | 8.41 
60—8—-120 : retite es oon Ea cape aera BA lee 
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TABLE 11.—Botler performance. 


r 


Designation of tests. 


Boiler performance (continued). 


i B. t. u. taken up by— Boiler 
3 ay Each pound P Boiler per Boiler per Boiler per one 
g Syiibok: of water Boder per pound of pound of | 100 B.t. u. |A.S.M.E. 
Z evaporated. i dry coal. | combustible. in coal. standard 
1 2 43 44 45 46 47 48 

I 20-2-240 1146.8 | 142, 260 9087 9991 63-77 256 
1a 20-2—240 1145.7 147, 909 9085 10093 63.75 266 
2 20—-4-240 1158.2 194, 693 9013 9712 63.25 350 
3 20-6-240 1168.6 219, 696 ao OF eras Peon 0 396 
3a 20-6-240 1142.2 229, 068 8304 9319 58.25 412 
4 20-8-240 penis ae etscr eset sees Seaete 
5 30-2—240 II41.9 183, 948 QO17 9801 63.28 331 
5a|  30-2-240 1133.5 | 207,543 7801 8629 54-73 373 
6 30-4-240 1164.9 223, 932 5 ohne aoe Sic 403 
7 30-6-240 Ease eeeusa cee Oi Rath. 
8 40—2-240 DEAT 1 198, 941 8490 59.58 358 
9 40-4—240 1165.5 263, 753 Oa aeons 475 

10 40-6-240 sestais Beate tes no So oe S285 
II 50—2—240 1146.1 224, 960 9241 10066 46.85 405 
12 | 50-4—240 oats oe sees see eee i: 
13 20-2-220 1151.1 143, O81 10290 11197 mot 257 
14 20~4—220 1149.3 175, 172 9654 10425 7-79 315 
15 20—6—220 1144.8 210, LO7 8391 9184 58.88 395 | 
16 20-8—220 1143.1 270, 277 7804 8495 54.76 486 
17 30-2-220 1159.9 170, 350 9343 10079 65.56 307 
18 30-4-220 1153.9 | 207,113 8453 9238 59.32 374 
19 30—-6-220 LESS a7 255, 613 8235 feferere) 57-79 461 
20 30-8-220 hina weirs aise andie Hise 7a 
21 40-2-220 T1623 186, 828 9226 9955 64.74 336 
22 40—4-220 I150.2 233, 093 8720 9582 61.19 426 
2B, 40—-6-220 cosets eras een 55°96 one Sieke 
24 5O=2=220 1160.3 195, 491 8975 9766 62.98 352 
25 50-4-220 II52.0 260, 851 7788 8530 54.66 470 
26 50-6—220 sens ees Brome cy Hoc 
27 60-4-220 : 

28 60-6—220 era paste Goins aeton ake aie 
ZO) 520—2—200 1144.0 125, 496 | 9728 10555 68.27 226 
30 20-4—200 1143.8 5a Os Q1I7 9896 63.98 276 
31 20-6-200 PLOT 189,978 | Soule foe eyes 342 
32 20—8—200 TIA2 33 239, 887 8658 9310 60.76 432 
33 30—2—200 1148.0 147 O77 9482 10236 66.54 266 
34 ee 1154.9 192, 126 | einen aistas atest 328 
35 30-6—200 1156.9 236,755 | 8 
36 30-8—200 ates = ge j ae Bee! ee a 
au 40-2-200 1159.8 161, 714 | 9413 10290 66.06 291 
5 ees i Ae 987 8709 9671 6rs12 387 

—200 1140. 284, 46 811 8758 ; 

40 40-8-200 REO tee ae oe ea a 
41 50-2-200 THUS 2 164, 596 9309 10086 65.33 297 
42 50-4-200 1143.5 237,08 O2 
43 50—-6—200 5.000% Sis es xi * ie EE, 
a pete. aes ate 

mes 60-6—200 Sols xia 

46 20-2-180 1166.5 107 ,924 ; ; 7 
47 20-4-180 1167.3 137 ,731 28 | 
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TABLE 11.—Boitler performance—Continued . 


Designation of tests. Boiler performance (continued). 

8 B. t. u. taken up by— Boiler 
a Laborato: ; : : orse- 
Sof seatat” | Repeat | otter ner | Bolles | Bollenoer | Roller per | ots 
a evaporated. TBIAUKE. dry coal. |'combustible. in coal, _ |standard. 
1 2 43 44 45 46 47 48 
48 20-6—-180 1162.3 165, IOI aes peo ies 297 
49 20-8-180 ErGr.3 207, 298 35 8 ator syariaits Zhe 
50 20-10—-180 oe anos cea exe pass eke 
SE 30—2-180 1170.0 122, 512 Pieters noo obat 220 
52 30-4—180 1156.9 156,470 sp eee seston see 282 
53 30-6-180 II59.0 187, 549 Seton eters arse 338 
54 30-8-180 II61.4 264, 357 ae ies xiis astgs 476 
55 30-10-180 weet aoe Ore. seeee asaysll etek 
56 40-2—-180 1167.0 130, 550 ao Sats emer 235 
57 40—-4-180 1167.3 181, 540 Aran sane agate 326 
58 40-6—-180 1165-7 244, 209 Shani wisieus stings 439 
59 40-8—-180 1160.6 305, 254 sneer hie se A 549 
60 40-10—-180 he Bivens rales Korn S oon Revere 
61 50-2—-180 ELO7 -2 139, 254 Peter ears reves 250 
62 50—-4—180 | IEJO.7 196, 164 Seva ak Seaeae 353 
63 50-6-180 L162 .3 267, 148 aod 5 Abit neat 481 
64 50-8—180 es weeds oieae anasto seat Pisces 
65 60-4-180 A 
66 60-6—180 | oe Aes os aii aor Pe: 
67 20—-4-160 LEAT 7 118, 281 9817 10773 68.89 212 
68 20—-6—-160 | 1148.5 149, 879 9426 10223 66.14 269 
69 20-8-160 | 1156.6 183, 251 siete Sar mane 330 
7O 20-10—160 eo ee Bg Tae eee sets aes 
ip 30—4-160 II49.3 140, 605 | 9550 10477 67.01 253 
72 30—-6—-160 1148.1 186, 302 9544 9839 66.97 335 
73 30-8-160 SEINO3- 2 232,019 sens ate siarexe 417 
74 30-10-160 sce St eae 
75 30-12-160 ibe see SrA apeat ara © BAe 
76 40-4-160 | ERAS.E 168, 914 9401 IOI25 65.97 303 
Toa 40—6—-160 1145.1 219, 687 8845 9706 62.07 396 
78 40-8-160 | 1158.3 278, 044 otter BO00 Bosc 500 
79 40-10-160 | erg aps Soe hier tore Aa 
80 50-4-160 I147.4 175, 328 Osan 10251 66.18 2S 
81 50-6—-160 DHT 7 246, 310 8582 9271 60.22 443 
82 50-8-160 | Re oe be fe eet Bs she aren 
83 60—-4-160 
84 60-6-160 Soke Ser: ee | ae jeter ee 
85 20—4-120 Pi42.7 83, 245 9335 10241 65.50 150 
86 20—-8-120 II44.4 37, 33% 9235 10148 64.81 247 
87 | 20-12-120 1143.8 | 196,950 9105 9994 63.89 354 
88 30-4-120 1141.6 IOO, 049 9985 10830 70.07 180 
89 |. 30-8-120 I142.3 170, 543 9408 10414 66.44 306 
go | 30-14-120 1145.5 | 297, 898 $092 8882 56.79 536 
gI 40—4-120 Dror 6 106, 096 9810 10756 aes oe 
92 40-8-120 £LAs,..3 204, 319 9264. 10695 ok 3 
93 40-12-120 1145.2 302, 523 7950 8840 55. 3 544 
94 50—4—-120 II41.3 113, 692 9987 10922 ge 204 
95 50-8-120 1141.1 229, 056 8763 9525 1.49 412 
96 50-11-1120 II41.9 307, 707 8140 8848 Byjmere 554 
97 60-8-1 20 at cis eyeks eras ees pa tiie 
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TABLE 12.—Chemical resulis. 


Designation of tests. 


Chemical results. 


Composition of flue gases. 


Air used 


Bot. a 


oes me oy Ears [nee pean 
3 co, Oo, co Ny carbon. OE a 
1 2 49 50 51 52 53 54 55 
Lbs. Per cent. 
I 20—2-240 13.9 EF, 0.6 82.8 13-44 16.46 14158 
Ia| 20-2-240 14.0 2.0 0.2 83.8 13.00 12.65 14030 
2 20- 4-240 14.6 2A! 0.6 82.4 ieee) 13.69 14446 
3 20-6-240 3 ain 0 Bc Achar Bio toe Seco | ee 
3a| 20-6-240 14.8 DO) TZ 83.0 Lit HS) 2.08 13828 
4 20-8-240 S56 oe bce 5568 Gant 3 Seg ae eee 
5 30-2-240 14.4 Zee 0.0 83.4 13228 15.08 14310 
5a| 30-2-240 14.5 iat 0.6 83.8 568 oe ee 
6 30-4-240 nloreds eoerists) NI) ievamsi'ey |} = Ra teal) eet te 
7 30-6-240 tere aa Se Peas 3.6.60 Sasa = oe 
8 40-2-240 15.0 1.6 0.2 83.2 12.61 9.27 14357 
9 40—-4-240 Sane 510% sorconiee: see ee 
10 40-6-240 6006 ee ror eee 50 jem De eee 
x 50-2-240 15.6 0.8 0.8 82.8 11.80 Dy 25, 14302 
12 50-4-240 tae eae Pate See or ee ee os: 
13 20—2—220 Tene auf 0.0 83.1 Tea, 27.99 14296 
14 20-4-220 15.5 1.4 Om 83.0 12.60 Oye 108) 14437 
15 20-6—220 15.4 2.0 0.0 82.6 13.04 13.00 14212 
16 20-8—220 16.4 Hi a0) 0.8 81.8 11.94 3.46 14310 
17 30—2—220 14.0 228 On2 83.0 Tee 18.89 14428 
18 ip ae. 14.6 226 0.0 82.8 13.59 L776 14310 
19 | 30-6-220 17.2 0.4 0.0 82 ot aS : 
20 30-8—220 Noone sraere p bee ot me ee a 
Da 40—2—220 15.6 2.4 Omt 81.9 U3e28 15 51 . Aaa 
: 4435 
22 40-4-220 16.7 0.9 0.0 o2e Tea 
23 40—-6-220 Oe sea sas ay a a a 
24 50-2—220 15.8 0.6 0.6 83.0 Ui Oe 9st 1.73 = Fate 
as < 4314 
25 50—4—220 a raat 2 0.0 82. : 
26 50-6—220 ones ne oo pe Re e 
27 | 60-4-220 -: 
28 60—6—220 Be scee| ate nwatthe Sees mo ie ee 
29 | 20-2-200 14.8 1.0 0.4 83.8 122 ios eae 
4— AK) 14344 
30 20-4-200 122 .O 0.0 82.8 : 
31 20—6-—200 stags Se aan anaes Se a nao 
2 20-8—200 15.8 0.9 Ont $3.22 12.14 20 :| sane 
83. 4 .20 
33 30-2—-200 15.4 Tee On S2n2 12.35 : 02 i 
34 30—4—200 ester te BN: arsteosis ; . ae 
See . tees S2ee 09 =o5euee 
2) ene | | oe) 
37 40-2200 2 ek 0.0 Sag 16.47 ae Sion 
38 40—-4—200 15.6 Oo. 0.4 83.4  Gexeitig | BA raged 
39 40—6—200 W750: aot 0.0 81.9 12.28 6.41 : 
40 40-8—200 sens ia aes Ser e ‘— 
41 50—2—200 15.4 1.8 OG) 82.8 12.86 “ab See 
42 50—4—200 15.6 ED (OVS) 82.2 ue eee pe 
43 | -50-6-200 eer. 2 74345 
44 60-4—200 Coo ecole ver Myr = witeia haem 
45 60-6=200')|) Sceeue | eth Manes lO meee oe 1 ee | | 
46 20=2=180 | ssas | cael o saan, WRG ne Se ee 7 eee eet ee 
47 20-4-180 | |e ea eM eee 
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| Designation of tests. 


TABLE 12.—Chemical results—Continued. 


Chemical results. 


Composition of flue gases, 


IOT 


u volumetric per cent. Air used Be ts a. 
3 Laboratory per pound | Excess | 56) pound 
EI symbol. es . ie © gi he air. Reet 
= 2 2 2 . 
a 
1 2 49 50 51 52 53 54 55 
Lbs. Per cent. 
48 20-6-180 Bee ee, Oe a Ae ee ears, 
49 ee SORE ern nce eteee cot) ed, SY ee ee ee er ela hove 
ERMC LEO ROO) ee col Fumes iP esac tees lee wes Ii sete |e sioeainia 
SF |- 30-2-180 0 aL Ae 
52 | 30-4-180 Pe 
53 | 30-6-180 Sle Det 
54 | 30-8-180 eNO 8: 
55 | 30-10-180 edly eee: 
56 | 40-2-180 Ei ae 
57 | 40-4-180 hl eee 
58 | 40-6-180 oe eee 
59 | 40-8-180 ie ce Ae 
60 | 40-10-180 gy (aan 
61 | 50-2-180 ie ie eee 
62 | 50-4180 rege Pekan 
63 | 50-6-180 Rae eee 
64 | 50-8-180 Se 5 ae Sele a 
65 60—4—180 ate ste = al | ae 
66 60—6—180 ee Rais Pater Lae Be eres mee 
67 20—-4—-160 I2.0 4.2 0.0 83:8 15-57 34.92 14163 
68 20-6—-160 ane ie! 7 Bre) 0.0 83.8 13.96 20.97 14346 
69 20-8-160 ars hy 5 Re cae SF creda | a acer aero 
70 | 20-10—-160 ate ees "ah a ge ee ae 
71 O-4-160 6 ee 2 y : : : Z 
72 Dees mae 2 ay 0.0 84.1 13.88 20.28 14400 
ie 30-8—-160 Snes ap = bs er Loe aa henel lMemchacotomte 
74 | 30-10—-160 Ree ee ee ee rN merase le Mensa eras 
O-12-160 ae Are Sica Sane Rat ote Meio oe ay 
7 jena es 15.8 10 0.0 83.2 12.26 6.24 14458 
iti 40—6—-160 14.6 1.6 opre) 83.8 12.82 11.09 I4IQI 
7 40-8-160 Seis oe a5 pee Ne Sat lt Marco 
160 on eke eked Seis ye FOR P| ae or oes 
o ees 13.8 5.0 0.0 Si 22 15.72 30422 ae 
81 50-6-160 | 15.0 EA 0.0 83.6 12.61 On 144 
82 50-8-160 aie aes SE ie%s hte a icy ieee Sess 
83 60—4—-160 Pats See vot, || Es excel Feri sal meres Scie 
84 60—6—-160 fis ats suiece Picok $5 Bn e005) ie GaP Rac y 
35 20-4-120 DLL Aes rom 84.3 15.71 30.13) 14300 
86 20-8-120 rhe pe oat sete cess eet ala meet Ces 
87 | 20-12-3120 15.9 saa 0.0 82.8 eae pens ae 
88 30—-4-120 Tt .2 Gn 0.0 82.6 17.89 oe se 
89 30—8—-120 Ata t 23, 0.2 83.4 veh 2h 15.34 oe 
90 | 30-14—120 15.2 Bie, 0.0 82.6 13.20 14.3 14 e 
gI 40-4-120 Ege 2 4.0 0.0 82.8 15.03 30.2 1430 
92 40-8-120 15.8 0.6 0.0 83.6 11.98 3.81 rors 
O32) \-40—-12-120 17.0 0.4 0.0 82 .6 11.79 ENAING, Ae 
94 50-4-120 B50) 22 (eye) 82.8 13.21 14.47 eee 
95 50-8-120 £32 3.4 0.0 83.4 14.51 25-74 Le 
96 | 50-I1I-120 16.4 Dez 0.0 82.4 12.38 Tee 143 
97 60-8-120 Seouar Prose , re ere ees Sc 
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TABLE 13.—Events of the stroke from indicator-cards. 


Designation Indicator results—Events of stroke—per cent. 
of tests. 
Admission. Cut-off. 
H | Laboratory | Right side. | Left side. Right side. Left side. 
| Average a Average 
z HB Co Be) Cae He cH | aie 
1 2 56 57 58 59 60 61 62 63 64 65 
1 | 20-2—240 |4.40 |3.02 |2.65 |1.70 | 2.94 |16.70 | 11.90 | 16.39 |-11.75 |14.18 
Mel nea vom armen |iees Ieoon \irouc | cele lou ce ape Mose Rallies Ses, < 
2 | 20-4-240 |2.00 |1.80 | .30 |I.10 | 1.55 |19.60 | 17.30 | 21.30 | 17.90 |19.02 
3 | 20-6-240 |1.87 20 |1.88 |1.75 | 1.45 |28.88 || 22.90 |) 26.20 || 26530) 120805 
2G 20—6=24108 ne are sera lteyene caine Geers Agia ers Bitte 
4 | 20-8-240 |1.30 |I.00 |I.00 |1.50 | 1.20 |35.00 | 29.00 | 35.00 | 32.50 |32.88 
5 | 30-2-240 |4.45 |3-65 |3-70 |2.49 | 3-57 |17.03 | 14.77 | 18.99 | 13.36 |16.04 
5a\ 30—-2—240 ene Fe oe ; 
6 | 30-4-240 |3.40 50 |2.30 |2.60 7O |20;00 | 18..80"|, 2%.00) | 1900) |105.70 
7 | 30-6-240 |2.50 63 | .96 93 50) 26.230 23203 925553525595 12 oes 
8 | 40-2-240 |5.10 35 13-45 23 28 |\T6. 24) | FpSez | 6.47, et 4tt al homes 
9 | 40-4-240 |3.40 60 |2.50 30 72 |19-80 | 20.40. |/-21.80 | 21.00 420.75 
10 | 40-6—240 |2.50 30 |1.40 50 92 |27.160 4 26.50. |. 28,. 204929), CON 2ymoe 
114) 50-2—240 14.60 38 |3.01 95 22 17.18 | T4.61 | 16.45 lei3.osmaoeme 


12 | 50-4-240 | .80 


Land 
° 
HHNOOKH NIHWHNWHADND 
ial 
[e) 
Loni 
lo 
- . 
(e) . 
NO 
x 
fey) 
° 
N 
Ww 
a 
{e) 
is) 
WwW 
iS} 
° 
iS} 
Ln 
H 
iS) 


12/9 20—2—220 65 57 |2.26 57 7O |\TO.12 |) 12.68 | L608 4/1283 teens 
14 | 20-4-220 71 77 NOnOO 12 31 1196.98) | 17/56. || 20.53 4), 20203 4 Lom52 
15 | 20-6—220 60 13 0.38 87 99 |28576 | 23234 | 27.108) 28273 12enG5 
16 | 20-8—-220 0.65 64 687/362 73) |) GOnk2 4) 37235411 sO Osneaees 
L7AlegO-2—220 afk 66 |1. OF |EZn22) |) 12538 3 Tana 13 4s sees 
18 | 30-4-220 (ele) 87 |L279 66 83 |23.87 | 18.66 | 21.60 | 20.45 |24.74 
1O)||530-6—220 52 30) | EaLO 58 14 127..03, | 23.28 lee 7mai ego acon 
20 | 30-8-220 00 10 | .80 oo 97 |37-00 | 32.70 | 36100) 27.80 25507 


2I | 40~-2-—220 
22 | 40-4—220 
23 | 40-6-220 


oo 

oO 
IN) 
N 
Lond 
4 
\O 
Ke} 
| 
4s 
(e) 
+ 
lal 
on 
n 
Ke} 
Mt 
iS) 
Ne) 
n 
Lol 
aS 
WwW 
co 


NI 
OV 
NWN NWHWW HH HW OH RWI NWNNHBHDN-.- 
5 ae ° 

ie) 
i] 
(2) 
iS) 
©) 
On 
nN 
fe) 
dD) 
[e) 
ol 
Ne) 
ion) 
° 
dS 
(e) 
ie) 
(o) 
bo 
HH 
jon) 
(eo) 
N 
ie} 
as 
n 


Ne) 
Ww 
AHHH HOH HH ON NO OH KHIR RH D 
an 
ve} 


2A 5O—2—220 5227: O5 | 3.06) |TO.47 Vrs s6S a re 4Oul xe 7 sytem 
25 | 50-4-220 40 40 |1.87 17 | 1.96N|20.70) | 18 \60>| 225 70m =21 OO slo ieas 
26 | 50-6-220 50 10 |I.10 00 | T.42) 133.00. }! 26.60. || 35. 2041635, Soma 2msa 
27 | 60-4-220 fee) BO is oO 20 | 2.10 |28.10 | 21.20 | 32.20 | 26.20 |26.92 


28 | 60-6-—220 


HRB HNDHOIHNANHNBRHDBHAHNW OH HW 
os 5 
Lael 


29 | 20-2—200 99: 13-77 |2.20 |[T-90 | 2.84 |r4n7 5-12-10 14.135 tae llnemes 
30 | 20-4—200 92 |2.23 |1.23 |1.19 | 1566 |19.47 || 17576 | 22.30) 19.52) Ton 6 
31 |) 20-6-260 80 |1.80 |1.60 |1.50 | 1.92 |28.50 | 23.70 | 28.70 | 26 gO |26.95 
32 | 20-8-200 60 |1.20 |0.60 |o.40 95 |38.30 || 30,30) 37.70 1) 37. 501 a5 06 
33 | 30-2-200 LS 430) 2548212202 2u TAs omen a esr 16104, 13.070 |e 
34 | 30-4-200 30 |3-00 |2.20 |2.50 | 3.00 /20.50 | 17.40 | 20.20 | 17.40 |18.87 
35 | 30-6-200 AI |1.31 |1.10 [0.65 | 4.12 [27.64 |24.08 | 27274 | 27530126 75 


BOUIES 0-8-2008 OOM ES On SOREN SO. -52 137-50 | 30.80 | 325.60 35.10 34.75 


37 |, 40-2-200 |4:92 13.52 |2.62 |1.57-| 3.16 |13.90 | 13a.54 | T2107 \ni2 76 13.28 
38 | 40-4—200 |3-20 |2.60 |2.60 |1.10 | 2.38 |20.20 | 19.00 20). 30° | IO. 4OW1O. 72 
39 | 40-6—-200 I-77 |1-77 |0.80 |0.81 | 1.04 |28.47 | 26.61 26.95 | 29.53 |27.89 
40 | 40-8-200 {1.00 |1.90 | .50 | .70 | 1.02 37-00 | 31.00 | 34.30 | 37.00 |34.82 
AI | 50-2—200 (4.01 3-46 [2.61 |1.71 | 2.94 |14.88 | 12.09 14.79. | TI.8r eso, 
42 50-4-200 3-40 |1.80 |1.40 |1.10 | 1.90 |21.50 | 19.30 22.90 | 19.30 |20.75 
43 | 500-200 |1.40 /1.50 |I.00 |1.50 | 1.35 136.10 30.20 | 35.80 | 31.70 133.45 
44 | 60-4-200 | .80 |1.70 |z.50 |1.20 | 30 |27.20 | 24.20 | 30.20 | 28.20 |27.45 
45 60-6-200 3.00 |1.00 |1.50 [1.50 | 1.75 |34.30 | 26 50: 30250 530. 70 130550 
46 | 20-2-180 |5.40 |3.70 |3.90 |3.00 AS ORs Ii7(O2.)| ear GO |, 0 5)06n| Pr 2-ar om iar 

47 | 20-4-180 |2.75 |1.90 |1.95 |1.66 | 2.06 |ar 14 = 38 ae L7 5 7O 1S: = 
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TABLE 13.—Events of the stroke from indicator-cards—Continued. 


Designation 


aetesta! Indicator results—Events of stroke—per cent. 
Admission. Cut-off. 
+ | Laboratory z A : 
3 symbol. Right side. Left side. Right side. Left side. 
g ——_—_——__| —______ | Average Average 
z EG, Bo Cos pate a CB HS ON CoE, hel ioe CoB. 
1 2 56 57 58 59 60 6L 62 63 64 65 


48 | 20-6-180 |2.24 |1t.40 
49 | 20-8-180 |1.80 | .80 
50 |20-10-180 | .50 | .80 
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° 
| 
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WwW 
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Lon! 
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[o) 
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on 

° 
HM HWW OHH 
C (o-) 

ie>) 


Se) | f3O-2—-180 [5.47 |g - 13-53 | 4 06 |15.69 | 12.56 | 14.90 | 12.34 |13.87 
52 | 30-4-180 |4.36 |2.81 O2 2-40) 3. 2AN|20..50) 1997-30. | 20.27) le r7eoo |To.,.23 
See etO—o-EGO: }2. 86) (1373 60 }4. 80) 51.99) 127-20 |) 24.06" | 27-90 | 26,53, 126. 42 
54 | 30-8-180 [1.78 |1.65 Oy i TO =. 46? 135.500) 832.207 934.50 1_.3An70! 134. 20 


55 |G0-10-2680 | -70..| .90 |. .60 | .70 .72 145.00 | 37.00 | 40.50 | 45.00 |41.87 


5Gp | 40—2-180) 16.20 (3.08 | 4.42 -13..16 | 4.44 |P5.47 |<14.12-| 17.09 | 12.70 |14.84 
Re ete 4 FSO. 32) (2.77 [2.62 0.96 | 2.97 |21.57 | )1O..50 22.74 | 19.54 (20.82 
5G) 40-6180 12.52 |1.33 |2-14 10.98 || 1.74 |27.20 | 23.00 | 27.79 | 26.58 (26.14 
Son e4O—-o-F50 /2,'65 | 1.33) 11.75 |E.03 || 1.68 (35.98 | 32.48 ) 35.52 | 35-33 134.90 
= 60 |40-10—-180 | .40 |1.70 50 | .gO .87 |42.00 | 41.90 | 41.80 | 44.70 |42.60 
G20) 50-2150 [5-8 |3-92-)4.04 3.48 | 4.30 |16.04 | 13.25 | 17.00 | 13.253 |E5.17 
A G2)150-4—160 [4232 12.58 |2298 |2. 19 | 2:94°)/22'.25 | 18.89. | 23.70-| 19.70 |21.13 
G2) |) 50-60-00 13.33 |For [2716 |2.58 | 2.24 /29.75°| 27.50 | 30.337) 28.91 |29.12 
64 | 50-8—-180 |1.00 |1.00 go-|.. 70 -90) 137.00) || 3% .00 36.101 36.70 135.20 
65 | 60—-4—180 | .70 |1.50 |1.60 |1.50 | 1.32 |27.80 | 30.00 | 30.00 | 25.00 |28.20 
66 | 60-6—180 |1.00 |1.60 |1.20 | .50 | £.07 {35.00 | 30.90 | 39.20 | 32.20 134.35 
| 67 | 20-4-160 |2.59 |2.69 |1.92 |1.85 | 2.26 |20.90 | 16.04 | 20.21 | 18.42 |18.89 
, 68 | 20-6—-160 |1.53 |1.60 |1.28 | .84 | 1.33 |28.10 | 21.60 | 26.60 | 26.30 |25.65 
: 69 | 20-8-160 |2.27 |1.41 |1.61 |1.13 | 1.58 135.16 | 31.05 | 34.38 | 33-55 [33-50 
7 7O |20-10-160 | .00 {1.40 | .50 | -80 -67 |42.50 | 35.10 | 38.20 | 43.90 |39.92 
71 | 30-4-160 |3.04 12.92 2225 WES 5 22520 \071.80) | 15.02" 1Opmie TS. 54 | Sat 
.. 72 | 30-6-160 |£.86 {1.79 |1-50 |1.20 | 1.59 |26.7 22.52 | 26.55 | 26.84 |25.67 
. 73 | 30-8-160 |2.21 |1.40 |1.55 |1.20 | 1.59 [34.29 | 30.96 | 33.34 | 33.66 |33.06 
~4 74 |30-10-160 |1.00 |1.00 |I.10 |I.00 | 1.02 |43.90 | 41.50 | 41.60 | 46.20 |43.30 
" 75 |30-12-160 | .60 | .80 | .80 |1.00 .80 |47.30 | 40.30 | 46.20 | 53.40 |46.80 
o 76 | 40-4-160 |3 80 |2.63 P60) |-50 | 2.43 (20.50 ulerS.07 | 19,82" 19.05 19.62 
‘ 77 | 40-6-160 |2.24 |¥.58 |1.2I |0.73 | 1.43 |26.37 | 23.54 | 26.90 | 27 629/26). 11 
78 | 40-8-160 |2.30 |1.90 |1.60 {1.00 | 1.70 /35.20 | 33-40 | 34.60 | 36.00 34.80 
» | 79 |40-10-160 |1.00 |1.10 |0.60 80 87 |41.70 | 35-30 | 38.50 | 43.40 |39.72 
80 | 50—-4—-160 |3.20 |2.68 I Fo NTe5 7. 30 19.94 | 15.68 | 22.14 | 19.85 |19.40 
81 | 50-6-160 |2.01 |1.37 |0.86 61 | 1.21 |29.97 | 25.54 | 29-07 | 27 67 |28.06 


82 | 50-8-160 | .9g0 | .80 | .90 | .60 .80 |35.40 | 34.00 | 36.40 | 35.20 |35.25 
83 | 60-4-160 | .90 : ; | 

84 | 60-6—-160 |1.00 {1.00 |1.00 | .90 -97 |30-60 | 28. 
85 | 20-4-120 {3.40 [3.20 |3.20 |1.90 | 2.92 |19.70 | 15-90 | 19.30 16.90 |17.95 
86 | 20-8-120 |1.47 |1.32 | -98 | .65 | 1.10 |36.2 23.60 | 33-65 | 34.80 133.37 
87 |20-12-120 | .85 | .90 | .87 | .62 .81 151.65 | 43-52 | 48.90 | 50.70 |48.69 
88 | 30-4-120 |3.88 |3.14 |3.28 [2.42 | 3.18 T8226) £6.07 |) To0e5 | 17-33 (L702 
89 | 30-8-120 |1.69 |1 

go |30-14-120 | .70 | .20 | .40 | .00 .10 [58.20 | 51.40 | 56.00 
QI | 40-4-120 |4.00 |2.94 |2.51 |2.11 2.89 |18.96 | 16.51 | 19.37 | 16.11 |17.74 
g2 | 40-8-120 |1.50 |1.80 |I.20 |I.00 | 1.40 35.60 | 31.40 | 34.70 | 35.30 134.2 
93 |40-12-120 | .78 | .65 i OOml. 22 .56 {51.50 45.20 5120 52.00: 146 197 
94 | 50-4-120 : 
95 | 50-8-120 
96 |50-11I-120 | .50 
- | 97 | 60-8-120 |1.00 |I. 
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TABLE 14.—Events of the stroke. 


Designation of 
tests. 


Laboratory 
symbol. 


Number. 


Indicator results—Events of stroke—per cent. 


Release. 


Compression. 


Right side. 


Left side. 


H. E. 


Cake 


ISG 325 |) (e182 


Average 


Right side. 


Left side. 


13 194 


HE. | (Com. 


Average 


~ 
x» 


| 


20—2-240 
20—2-240 
20-4-240 
20-6-240 
20-6—240 
20-8--240 
30—2—240 
30—2—240 
30—4—240 
30-6-240 
40—-2-240 
40-4-240 
IO |40-6—240 
II |50—-2—240 
I2 |50—4-240 


8 g 


\Oo con! ONO 8 eS Nae i] 


E3))|20=2—240" | 


66 


67 


68 69 


70 


71 


73 74 


60.39 |49-77 


55.88 


-45 


26.88 |23.68 


20-4—220 
20—6—220 


16 |20-8-220 
17 |30—-2—220 


Ow GOe4— 220 


19 |30-6-220 


20 |30-8—220 
21 |40—2—220 
22 |40—-4-—220 
23 |40-6—220 
24 |50-2—220 
25, |50-4-220 
26 |50-6—220 
27 |60-4-220 
28 |60-6—-220 


oye 
Ww 
(oe) 
i) 


|29. 


29 |20-2—-200 
30 |20-4—200 
31 |20-6—200 

2 |20-8—200 
33 |30-2—-200 
34 |30-4-200 
35 |30-6—200 
36 |30-8—200 
37 |40-2—200 
38 |40-4—200 
39 |40-6—200 
40 |40-8-—200 
41 |50-2—200 

2 |50—-4—200 
42 |50-6-200 
44 |60-4-200 
45 |60-6—200 


|20-2-180 
47 |20-4-180 
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TABLE 14.—Events of the stroke—Continued. 


re of Indicator results—Events of stroke—per cent. a 
Release. Compression. 

3 Laboratory} Right side. Left side. Right side. Left side. [Average 

g | Average| -——_—_|—______—_— 

5 H.B.| GE. | HE. |] CE. Hy. | @ Be. | aE. | cx. 

z 2 66 67 68 | 69 vel) via %2 43 V4 75 


48 | 20-6-180)69.00 |66.71 |69.60 |68.76 |68.52 |32.07 |27.85 |30.31 {29.91 |30.02 
49 | 20-8—180/73.80 |72.40 |73.00 |73.10 |73.07 |28.60 |25.00 |26.00 |26.00 |26.40 
50 |20—10—180|80.00 |74.00 |78.70 |81.50 |78.55 |23.60 |21.40 |24.50 |21.50 |22.75 
51 | 30-2-180/58.46 |55.42 157.97 |56.70 |57.14 |44.85 |40.18 |42.26 |41.87 |42.29 
52 | 30-4—180/63.00 |61.40 63.77 |62.60 |62.69 |37-27 |33.31 |37-45 |34.18 135.55 
53 | 30-6—180)67.06 |66.00 |67.70 |66.83 |66.89 [38.06 |30.70 |33.00 |32.13 |33.47 
54 | 30-8-180|72.20 |70.70 ;72.20 |71.50 |71.60 |30.15 !29.75 |28.40 |27.05 |28.83 
55 |30-10-180|79.00 |75.90 |77.10 |80.60 |78.15 |26.50 |24.00 |25.00 |25.50 |25.29 
56 | 40—-2—180]57-55 157-40 |58.60 |57.30 |57-71 |46-47 |37-72 |43.02 [40.18 |41.85 
57 | 40-4-180]63.50 163.00 [64.48 |63.80 163.69 |42.07 |37.46 |41.37 |36.91 |39.45 
58 | 40-6—-180/65.64 |64.25 167.50 [67.86 [66.31 |36.84 |31.41 |33.00 [31.78 |33.25 
59 | 40-8-180/72.23 |70.25 |72-84 |72.33 |71.91 |30-11 |26.74 |28.08 |29.26 |28.54 
60 |40-10-180|76.10 |76.50 |78.00 |80.20 |77.70 |28.30 |25.00 |28.00 |26.70 |27.00 
61 | 50-2-180|58.00 [57.46 [57.50 |57-26 |57-55 [45-20 |41.54 |45-37 [43-31 |43.83 
62 | 50-4-180\62.62 |63.30 163.58 |64.29 |63.45 [41-88 |38.25 |41.03 |37.00 |39.54 
63 | 50-6-180/67.58 [67.50 [65.33 [68.16 |67.14 |42.66 |38.33 |38.50 |38.25 |39.43 
64 | 50-8—180|76.00 |67.60 |75.00 |73.00 }72.90 |38.60 27.80 137.50 |29.10 |33.25 
65 | 60-4-180/69.10 |66.60 |71.60 |70.00 |69.32 |57.80 50-70 |47.40 |42.40 49.57 
66 | 60-6—180|73.00 |72.90 |72.00 |73.00 |72.72 !47.00 |41.80 |46.60 134.60 142.50 
67 | 20-4—160|/55.61 |60.21 |65.00 |61.66 |62.97 |19.95 16.59 |19.40 |16.83 |17.94 
68 | 20-6—160/71.60 |64.97 |71.10 |68.10 |68.94 |15.50 |13.50 |15.40 |13.17 {14.39 
69 | 20-8-160/74.08 |71.30 |73-61 [73.86 |73-17 |29-77 |24-93 27.38 |26.08 |27.07 
7O |20-10-160/82.20 |77.30 81.40 |82.00 |80.72 |25.80 |22.00 |25.20 |22.90 |23.97 
71 | 30-4-160/66.11 |58.88 |65.26 |62.71 63.24 |18.50 |17.07 |19.90 |16.88 |18.09 
72 | 30-6-16C)71.73 |65.85 |70.75 |65.85 68.40 |17.66 16.16 |17.28 |12.76 |15.96 
73 | 30-8-160)71.42 |70.12 |72.44 |71.94 71.48 [29.31 |27-71 28.29 |27.42 |28.18 
74 |30-10-160)76.30 |74.60 |78.00 |75.10 76.00 |33.30 |23.90 |25.30 |26.70 |27.30 
75 |30-12-160/86.10 |81.80 |83.00 82.60 |83.37 |24.00 |20.60 |24.40 |20.80 |22.45 
76 | 40-4-160)/62.96 {56.74 |63.56 |58.63 60.76 |22.65 |19.26 |19.¥7 16.10 |19.44 

O-6—-160)71. / 4 | 
ae Se stolen. 70.50 |71.10 |71.80 |71.17 |30.40 129.60 |28.00 |29.70 |29.42 
79 |40-10-160)81.90 |76.70 |80.30 |79.50 |7 .60 |23.00 |28.50 |26.80 |24.50 esl 
80 | 50-4-160]65.12 |59-43 |68.35 |62.35 623808 StuitO. 40 |22 7.1. nA, Ii o 
81 | 50-6-160\71.25 |59-77 |69.11 [62.34 (65.62 U7 O30 (5-17 |16.90: | 13k53) |S. Sx 
82 | 50-8-160)78.90 |67.00 |70.50 |73-10 |72-37 |39.10 28.10 |30.80 |28.80 |31.70 
83 | 60-4-160/64.00 [67.50 |67.00 69.00 |66.87 |42.00 |38.00 |41.90 34.60 |39.12 
84 | 60-6—-16069.00 |70.30 i74.30 174.60 |72.05 |45.60 |38.00 |42.60 — — 

0-4—120|64.80 .80 [65.10 |58.90 [61.15 |19.70 |16.30 (19.10 | VO! 172 GO 
= i iced pai 23.60 75.21 |71.7O |72.81 |17.50 |14.12 ipades |I1.65 gtr 
87 20-12-120 84.22 THeL5 (92.32 |79-90 |80.89 |15-35 20-57 |TT-90 ee ae 
88 30-4-120)65. 38 58.85 |63.64 |57-40 [61.31 |20.59 |17-90 {19.59 {15-93 |1 Ay 

o-8-120)76. 67.61 |75 |70..52 : 
one ae 81.10 |86.00 |83.40 |84.40 |10.70 | 9.50 ae 9.08 ie 
gt | 40-4-120/64.68 56.27 j64.12 |57.21 |60.57 |21.21 |25.24 |20.03 43 Be 
g2 | 40-8-120/75.10 69.10 {75.10 |69.20 |72.12 15.80 |14.60 ise ee sc : 
93 |40-12-120/84.20 |73.40 182.80 |79.30 |79.92 |13.60 |1I.10 |12.10 as ls ue 

—120/66.80 |58.20 |66.20 |58.50 |62.25 |20.90 |18.20 |19.20 |18.37 |19. 
3 Al goa ( 4 2.42 17.90 |15.90 |16.30 |17.15 
95 | 50-8-12076.50 |68.50 75-70 a so se be a a us eae 
= .87 177.62 |83.62 |81.12 jor. : By 5 : : 

a a Lae eee 76.50 |76.82 |32.80 |31.00 |25.00 |28.30 |29.27 
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TABLE 15.—Pressures from tndicator-cards. 


Desenen of Indicator results—Pressure above atmosphere. 
Initial. At cut-off, 

@ \Paborstory). Right side. Left side. Right side. Left side. 

& ieee Average Average 
Zz HE. | Ci) Bel, Ge. Hicks )|| C3: | eae ae 

1 2 76 UG 53 w9 80 81 82 83 84 85 
= 20-2-240 |225.5 |218.8 |228.1 |214.2 |221.6 |156.3 |185.8 |165.2 |163.3 167 .6 
1a|20—-2-240 | ... ssi arn is — Penne ar || cos} 
2 |20-4-240 |228.2 |227.1 |218.7 |223.8 Andy ESB aAy ILOZS4. NTO An 7Oi. Ome Tess 
3 |20-6—240, |226.5 |225.6 |213.9 |218.7 |221 2 |167.0 |183.4 TO5 OLS Omi Leng, 
3@|20-6-240 | ... State oa ¢ sys Sse Mace pecs Seat 
4 |20-8-240 |223.5 |1220.0 |220.5 |228.0 |223.0 |180.0 |186.0 |169.5 186.0 |180.4 } 
5 |30-2-240 |229.5 |235.3 1224.6 |234.0 |230.8 |150.8 |161.5 |136.8 |162.3 |152.8 | 
aka ery Ken eee iso ome Womac acco |bocan Woaoo I ouco |eason || osce | oa. | 
6 |30-4—240 |233.0 |228.0 |224.0 |213.0 |224.0 |155.0 |157.0 |151.0 |151.6 |153.6 | 
7 |30-6-240 |224.7 |218.0 |215.0 |217.0 |218.7 |151%.7_|162.3 |152.7 |151.0 |154.4-} 
8 |40-2-240 |234.9 |234.8 |222.4 |205.4 |224.3 |135-.7 |151-9-|135.4 |136.0 |139.7 
9 |40-4-240 1239.0 |236.0 |227.0 |221.0 |230.7 |147.0 |147.3 |137-5 |135-O |141.7 
10 |40-6-240 |215.0 |212.0 |207.0 |200.0 |208.5 |134.0 |129.0 |124.0 |123.0 |127.5 
Il |50-2-240 |242.3 |245.1 |239.6 |227.8 |238.7 |123.3 |144.1 |126.1-|127.0 |130.1 
I2 |50-4—240 |235.0 |231.0 |225.0 |212.0 |225.7 |165.0 |120.0 |130.0 |I12.0 |131.7 
13, |20-2-220 |209.7 |207.2 |201.9 |202.7 |205.3 |151-3 |163.3 |145.6 |160.5 |155.1 
14 |20-4—220 |205.5 |212.5 |190.7 |204.2 |203.2 |156.1 |168.6 (145.0 |166.5 |159.0 
15 |20-6-220 |208.3 |206.2 |181.5 |202.0 |197-0_|156.3 |169.1 |146.8 |165.5 |159.4 
16 |20-8-220 |215.2 |209.2 |189.2 |185.5 |199.8 |166.0 |166.0 |152.5 |170.3 |163.7 
17 |30-2-220 |209.5 |207-4 |205.5.|196.1-|204.6 |151.1 |153.9 |142.1 |147.2 |148.6 | 
18 |30-4—220 |210.1 |204.0 |199.0 |189.6 |200.7 |140.7 |I51.0 7139.1 |144.9 |143.9 
19 |30-6-220 |211.3 |203.1 |191.7 |190.1 |199.0 |144.0 |155.9 |135.8 |147.9 |145.9 
20 |30-8-220 |213.0 |200.0 |196.0 |200.0 |202.2 |151.0 |152.0 |142.0 }152.0-|149.2 
21 |140-2-220 |219.2 1218.8: |214-6 1204-3) 120453) 12055) |PA2a2 123 a7 ie? ok aes 
22) |AO-A—22OM 216s 35 (LOL NOM) 20516 200.0 206.4 135.8 |X36056) \13T 23 T2558 sees 
23 |40-6-220 |210.0 |195.0 |200.0 |195.0 |200.0 1132.0 |115.5 ,112.5 |144.5 |126.0 
24 |50-2=220' 1227 7) 1200.8. (21803) |2O5a0 216052 TES i | 205 Sm DL on DoOnien oe ee 
25 |50-4—220 |217-6 |216.6 |211-0>}200.0 |211 33 | 11853) 136.0) | 13 OT LO ,ON temo 
26 |50-6-220 |213.0 |205.0 ,200.0 |198.0 |204.0 |112.0 |110.0 | 97.0 |112.0 |107.7 
27 |60-4-220 |215.0 |207.0 |205.0 |195.0 |205.5 | 92.0 |107.0 | 80.0 | 95.0 | 93.5 
28 |60-6-220 |210.0 200.0 |200.0 |193.0 |200.7 | 92.0 |100.0 |100.0 |108.0 |100.0 
29 |20-2-200 |192.9 |190.8 |180.7 (183.8 |187.0 |141.1 |154.1 |143.9 |147.7 |146.7 
30 |20-4-200 |183.9 |186.8 |177.5 |177-7 |182.7 |132.6 |145.3 |127.4 |140.6 |136.5 
31 |20-6—200 }194-I |185.4 |184.0 |184.8 |187.0 |139.1 |149.3 |135.5 \I41.9 |I41.4 
2 |20-8-200 |195.5 |189.1 {165.5 |152.5 |173.4 |142.8 |156.5 |132.2 |152.0 155-8 
33 |30-2-200 |188.3 |187.0 |180.5 |176.5 |183.1 |123.8 |140.5 |117.9 |128.1 |127.6 
34 |30-4-200 |194.0 |186.6 |187.0 |181.0 |187.1 |126.0 |134.6 |125.2 |128.6 |128.6 
35, |30-0-200 |190°6_|180.5 1177.6 |179.1 |181.9) Poy .54\1an eon Ti9.O | 131.0. |ko73 
36 |30-8-200 |200.0 }188.0 |185.0 |190.0 |190.7 |133.0 |145.0 |130.0 |150.0 139.5 
37 |40-2-200 |202.1 |193.4 |191.3 |191.0 |194.4 |126.3 |126.6 124.8 |120.9 |124.6 
38 |40-4-200 |198.7 |191.5 |189.0 |188.6 {191.9 |121.3 L2A,OMTES <9. |LLO.O) LILO 46 
39 |40-6-200 |185.4 184.6 172.2 )178.1 |180.1 |114.9 |125.9 |111.6 |123.1 |118.9 
40 |40-8-200 |191.0 |182.0 |183.0 |183.0 |184.7 |125.0 £35.00 125.07 }2277/2On|n2ono 
41 |50-2-200 |205.2 |206.7 |207.5 |193.0 |203.1 |112.8 |126.1 |111.3 |120.5 117 yi 
42 |50-4—200 |194.1 |194.6 |190.8 |180.6 |190.0 | 99.4 |111.6 | 98.4 |107.7 |104.3 
43 |50-6-200 |195.0 |184.0 |184.0 184.0 |186.7 | 94.0 | 99.0 | 87.0 |100.0 95.0 
44 |60-4-200 |198.0 |185.0 |185.0 |175.0 |180.7 | 83.0 | 85.0 FS Oa Fy -OaMeson@ 
45 |60-6-200 [186.0 |171.0 |183.0 |171.0 177-7 | 84-0 | 96.0 | 84.0 | 99.0 | 90.7 
46 |20-2-180 |177.3 |171 0) |i7993 T7703 L748" (LETS 7e |12S.e3, |T25 eeu neskan teOna 
47 \20-4-180 |171.5 |168.5 |167.7 |171.2 |169.7 LIZ 20 \125 04 T2327 ret es seas 
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TABLE 15.—Pressures from indicator-cards—Continued. 


Designation of 


tests. Indicator results—Pressure above atmosphere. 
Initial. At cut-off. 
g Laboratory! Right side. Left side. Right side. Left side. 
5 oes Average| ———______|__________| Average 
z 2) Coe. Ba CB. Heel Cok. |e Bl Ce. 
1 2 76 i 78 9 80 81 82 83 84 85 
| 48 | 20-6-180 LOO. [204-5 (1675 |£70-8 |167.9 |D21.8-|129.9 /1TO..5 1132.3 |I25.9 
; 49 | 20-8-180|173.0 |166.0 /166.9 |173.2 |169.7 |126.2 |130.8 |126.7 |134.5 |129.5 
50 |20-10—-180|173.0 |170.0 [167.0 |178.0 |172.0 |129.0 |147.0 |137.0 |151.0 |141.0 
51 | 30-2-180|175-5 |170.9 {178.0 |174.6 |174.7 {115.9 |124.4 |117.2 |121.0 |119.6 
52 | 30-4-180/172.4 |168.8 |178.3 |157.2 |169.2 |111.5 |/120.8 |115.7 |109.4 |114.4 
53 | 30-6-180|162.8 |157.4 |164.8 |154.7 |159.9 |104.3 |109.7 |108.8 {100.0 |105.7 
; 54 | 30-8-180]172.2 |166.1 |168.5 |167.9 |168.8 |113.3 |123.8 |115.3 ]125.5 |119.5 
55 |30-10-180]174.0 |169.0 |170.0 |177.0 [172.5 |118.0 |132.0 |122.0 |140.0 |128.0 
56 | 40-2-180/188.5 |175.3 |184.2 |179.0 |181.7 |101.6 III.6 |100.4 |/106.0 |104.9 
57 | 40-4-180/169.9 |167.7 |176.2 [173.6 |t71.8 |101.4 J106.1 |ror1.4 |102.2 |102.7 
58 | 40-6-180|t74.2 |168.8 |173.4 |173.3 |172-4 |107.6 |114.3 |107.3 [113.3 |110.6 
3 59 | 40-8-180/165.5 |164.3 |164.0 |164.8 |164.6 |103.4 |107.0 |102.1 108.7 |105.3 
60 |40-10-180/167.0 |164.0 |163.0 |173.0 166.7 |1LLO1O) |LL2.0: |L22)/0) (1277/0) | P16. 7 
r 61 50-2-180|193.6 Te7-2 |19r.3 |TSS.4'-|19O.7 | 90.8 103.7, || 95-1 | 97.6.) 96.7 
62 50-4-180 185.4 177-4 |185-5 |180.8 |182.3 | 90.0 | 99.5 80.9 198.0" |) O04. % 
63 | 50-6-180|176.0 [172.6 |175.5 |176.1 |175.0 88.3 | 93.6 | 86.5 | 94.6 | 90.8 
64 | 50-8-180/162.0 |164.0 |159.0 166.0) ||362.7 | 95 204/102:..0' | 197.0 |105.0 | 99.7 
65 | 60-4-180|177.0 |168.0 [167.0 {163.0 |168.7 | 69.0 | 57.0 64.08) F730") 60.7 
66 | 60-6—180/172.0 |162.0 |161.0 [158.0 |163.2 210) | F4E On 777000 63-00) 70-5 
: 67 | 20-4-160|153.8 |150.6 |145.8 |149.8 |150.0 |108.9 |121.5 |107.7 LIBS hene ja aLege a 
68 | 20-6—160|155 2 |154-9 |147.8 [150.9 |152.2 |111.6 |128.2 |113.0 /123.4 |119.1 
69 | 20-8-160|144.3 |147.6 |147.8 |151.4 LA7.8 \TIOs# ||LTT.8) |LTO.8- |218.3) |r12.8 
70 |20-10-160]154.0 [151.0 |150.0 |158.4 |153.3 |125.0 |132.0 [129.0 136.0 [130.5 
J 71 | 30-4-160|159.0 |150.7 |I51-5 |147-2 |152 I |107.9 |112.2 |102.3 106.8 |107.3 
72 | 30-6—-160)/155.2 146.7 {148.8 |147.6 |149.6 |102.5 |110.9 | 97-7 108.0 |104.8 
73, | 30-8-160|158.3 152.6 |152.9 |153-9 |154-4 |101.7 |107.0 |103.6 |107.0 104.8 
: 74. |30-10-160)159.0 |154.0 |154.0 160.0 |156.7 |101.0 |105.0 |104.0 |107.0 |104.2 
> 75 |30-12-160|152.0 |154.0 |150.0 158.0 |153.5 |120.0 |126.0 |1I4.0 |121.0 |120.2 
76 | 40-4-160]155.6 |156.4 |149-9 |154-4 |154-1 | 90 5) OR 5 5.24 00-40 90.3 
77 | 40-G-1OO|T5L.3, 1253-3 LAS pU5S. (eS La7 246) |TO240 || SOn2a\OO50 005.53 
78 | 40-8-160/151.1 |151.8 150.8 |152.0 |151.4 | 89.2 | 93-7 | 91-3 | 95-4 | 92.4 
79 |40-10-160|148.0 |149.0 |144.0 |152.0 148.2 |102.0 |113.0 |107.0 |113.0 |108.7 
80 | 50-4-160|165.0 163.9 |160.7 |160.0 |162.4 32,7 |100.4 | 77-0 | 91.3 | 87-8 
81 | 50-6-160)150.0 |152.0 |145.3 |149.7 |149.2 7Ontet|) GOON 7330) 29h-3° |) 62-9 
82 | 50—-8—-160/145.0 |147.0 |140.0 |146.0 |144.5 | 89.0 | 83.0 | 83.0 | 95.0 87.5 
83 | 60-4-160]160.0 |150.0 |I51.0 |152.0 |153.2 6r.Om| 6520057100 60.0 ore 
84 | 60-6-160/160.0 1146.0 |144.0 |144.0 143.5 | 74.0 |. 68.0 | 70.0) || 76.0 12-2 
2 = Solrrsnoll pian Snlt0o.4. |itenen|ur2.7 | 79.7 |°85-4 | 78:5 84.2 1.9 
e es a sige ene TIT.O |rr1.2 |-81.0 | 86.8 | 81-0 | 87.7 | 84.1 
87 |20-12-120/109.9 |II1.4 |109.1 |III.5 TLONS | SGRS |) O30 ||) SOn2) 9855 ie 
88 | 30-4-120/119.3 |112.6 113.6 |112.1 |114.4 | 73-9 | 80.4 | 72.4 i) 76.1 
89 | 30-8-120)115.0 |III.7 |TII.3 109.6 |111.9 | 71.4 | 79.2 BeGe liasOr Dea 
90 |30-14-120|104.0 108.2 |102.9 [103.2 |104.5 | 84.3 | 87-5 Onan OO ne al) “5 
gt | 40-4-120|118.5 [118.2 117.8 |118.0 |118.2 | 66.6 | 74.2 | 65.6 74-3 ee 
92 | 40-8-120)111.9 112.6 |107.4 |106.3 |109.5 | 64.8 | 70.0 63:.6%)|) 73.0 te 
93 |40-12-120|105.8 |113.4 |107-1 |104.1 107.6.) 71.6 | 82.1 | 69.5 | $2.2 | 70. 
5 22.50 | LAK Son) 68.5) 5503) | 65.0) |) On ..0 
94 | 50-4-120|115.6 |125.9 [121.1 |122.5 coil fo 23 2 
- 95 | 50-8-120|116.9 |113.0 |109.2 109.8 |112.2 | 64.3 | 66.9 58.6 o 4 ae 
=. 96 |50-11—-120|103.5 | 97-7 | 95-9 99.5 | 98.9 | 62.7 | 67.7 ae o ra 
97 | 60-8-120/115.0-|106.0 106.0 |104.0 |107.7 | 68.0 | 62.0 PIE) 2 : 
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TABLE 16.—Pressures from indicator-cards. 


Designation of 


Indicator results—Pressure above atmosphere. 


tests. 

At release. At compression. 
& oe Right side. Left side. Right side. Left side. 
ZI symbol. Avera, 7 i 
E ge verage 
z H.B. | CE. | BBG. BLE. 4 (CEs Get ae Cur. 
1 2 86 87 88 89 90 91 92 93 94 95 
I | 20-2-240 |52.5 | 56.8 | 46.1 | 50.4 | 51.4 |] 17.8 | 18.0] 18.5 | 19.6 | 18.5 
1a| 20-2-240 |... spots, Uluareee sas Bree lla eeo Perch | eee ater ere Molar 
2 | 20-4-240 [57.3 | 59-6 | 58. SO io) POR | Ace: Paes |) 8S || 26). 8 
320-6240) 175 Om) 7 Geil) OSE a Onn ala geo Bo Hikoaat On6: l= LOe7 9.9 
3a| 20-6-240 |... teas enews eee Sete esate Sav apron Aug 0 a oeeme 
AN 20-8210 82755552759 eo le S720 | O22 Bl Gy |letg@ Tas ql LOs5 9.4 
5) | 30-2=240 1448) |) 5110 74 4e 5 5s Om ease TOO sl eroncm NT Cn Ou ear am Ons 
Sal“ ZO0=2—240 Pate. ei] oe seein |! Ges Gl moremenes al] Merepeveta| | ee mieee ak Mees) a are | eee 
6 | 30—4—240: 153-0 3/5525 11 (54.9 1958". 0) 54.0 tei 2e 4a et os Ou| else Onl men Ane men bees 
7 \| 30-0=240 10543, 1O5eO 1] Ole 3 a tOON 717 NOS. Tal LON oe EEK a ETORO EI, Ie LOS 
8 | 40-2-240 |41.2 | 46.4 | 40.9 | 40.4) 42.2 | 26702708 | 22.8 |) o7-3 25.9 
9 | 40-4-240 |A47-7 | 53-0 50-7 | 15020) )| Sons) 1370) |) 14S | 2) 4 eee 
FO ||| 40-6-240" |57/0))|) 54,107 950 O75 3O V5 3e5 i) LOPOul ro soN| ere sOulmTone 15 37 
II | 50-2-240 (33.3 |. 45-3 | 35-0 | 36-6 | 37-5 | 21.3 | 27.73 | 22 5 3)eoo sala 
12 ||| 5O-4—240. |40, OS|EAO ONNE42 ON | PAORO TAO. 7152270 LO =r Seoul Ononio ome 
13 | 20-2-220 |44.3 | 47-3 | 42-3 | 44.9 | 44.7 | 27.4 | 31.6 | 29.6 | 33.3 | 30.4 
14 | 20-4-220 49.3 | 54-1 | 47-6 | 55.4 | 51.6 | 36.0 | 37.5 | 28.5 | 37.3 | 34.8 
5 ||| 20-6-220) 101-74 |) 6025256409 7O1OuO2e7 ie 2Onoeaino 2] oh Oiled aleseeen 
16/1 20—S—220) [Sik flo O naa OON Cal SOTO 24 O | 28. Li) 2iagal 2Onomleoneet 
17 | 30-2-220 |37.2 | 43-0 | 35-9 | 40.27) 39.1 +| 32.7 | 34.5 | 3004 | 30-ueleaaem 
18 || 30-4-220 147-9 | 51-1 | 46:65) 50.1 | 48-6 26.3 | 240 | a5ex los remo sas 
19) || 30=0=2207 154.7 | 00755 52).9 e055 7 ela Sno B07 274 (eee aeai may 
20 | 30-8-220 |70.0 | 68.0 | 67.0 | 70.0 |_68.7 | 15.0 | 15.0 | 1270 14.0 14.0 
Carlee AO) SY eNO Nereveros | cra Weeiynct | cyt | sna | ae | aR) me i 
22 | 40-4-220 |44.6 | 43.3 | 40.0 | 44.6 | 43.1 | 34.8 | 35.6 33-5 (27 20 51a eno) 
23 | 40-6-220 [55.5 2591) D2 O04) 53.10) | 53105) SRO nl COs alien ats ames 15.0 
24 | 50-2-220 |26.4 | 33.7 | 29-1 | 31.2 | 30.1 | 30.6 ORC M Pag ap || Se. S 
25 | 50-4-220 |39.0 | 43.0 | 38.0 2-7 | 40.6 | 3Y 9 | Avo | 32-3 274 @ eae 
20° 50-6-220: (51 On| 45.0 44 onllmayino, AOL 7 | 20,0 TOP Ou lei2 6 7.0" LO 
27, | 60-4—220 125.0 | BO oO Wao | ne | sone) a Oi] TA | no<o 14.2 
28 | 60—-6—220 art at 46.0 | 48.0 45.25) | 24:07] 2r20 |" 20cO Dero 21.571 
208 20—2-2 0003 on 42. 3821 (ATO | Zoom tase omieoar 2 
390 | 20-4—200 |43.2 | 50.4 | 45-0 | 49.1 | 46.9 | 20.1 ah oe ee oe 
BUR E20—0-200) [58a 7 IS 75a eo oom tEsOn 7 58.6 Tisha LORS Vien AKON A 8.8 
32 | 20-8-200 169.8 | 71.8 | 65.2 | 78.7 Gsae BA’ || ASA 20.3 25.9 23.7 
33 Vp dO52 200 5209 BOLT | 3524 (35,3 Nes oOmn2 oa mie ee 27-5 | 29.9 30.0 
34 | 30-4-200 |42.0 | 44.0 | 42.8 | 41.6 | 47.6 9545 | L170 So) 
5 —6—200 {48.5 | 51.6 | 46.2 3 a A ae 
ag) | Se 48.5 | 51 46. 56.2 | 50.6 | 31.6 | 35.5. | 32.4 | 35.2 
36 | 30-8-200 |64.0 68. 051570 ul 7ORO 63.5 LASO7) E62 O08 |= TORO: oe aoe 
B87 492-200) 205 Be 28.8 2 : ; “Naga 
i 9-4 | 33-5 . 30.6 | 30.6 ee |e NRG y || Beaks I Seas 
3P |) 404-200 138-7 | 4023 9) 34°65 (937.9 | 3729 |) ees" lees ey, ae 
39 | 40-6-200 |42. Bo $ heme 

Seas 40.6 | 52.9 | 46.8 6.8 6.8 

aS ee ae 36.8 | 46. 35-9 | 46.2 | 41.4 
4 4 20 SOD S/O KO) || IODA || 2Os@. | Bo || asc || KS.6 18 
4I | 50-2-200 |26.8 | 30.4 | 26.6 | 27.9 27 ON e205 ame Ore 7 31.8 32.0 30 
42 | SO 200 30 TW Sieg Ba Ran Sails leaner 34.90 | 33-9 | 32.2 37-7 3 
43 | 50-6-200 |45.0 | 43.0 | 40.0 48.0 | 44.0 | 14.0 | 15.0 | 10.0 6. = 
44 | 60-4-200 |31.0 | 32.0 | 30.0 | 32.0 Ai a2 11.0 12.0 10.0 : ig a 
45 | 60-6-200 |39.0 | 31.0 | 39.0 CHRO) WRI Ge |) Ga) 18.0 12.0 oe eS 
46 Sorte 38.3 | 39.5 | go.t [939.01 46% 55 6.6 6.6 ae ca 
47 AT EOO. 143.2 | 43259) ASeas NAA a1 232ml yeas vee anne 7-9 el 
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TABLE 16.—Pressures from indicator-cards—Continued. 


Designation of Indicator results—Pressure above atmosphere. 


tests. 
At release. d At compression. 

% | Laboratory Right side Left side Richt si . 

a symbol . ; . ght side. Left side. 

§ Average Average 

ES H.E.| CB. | HE. | CE. HE. | CE | EE | OE. 

. 2 86 87 88 s9 | 90 | 91 | 92 93 | 94 | 95 

48 | 20-6-180 {50.2 | 50.0 | 50.3 | 55-4 | 51.4 6.8 oa a sea Sak rary 

49 | 20-8-180 |60.6 | 57.8 | 61.1 | 68.0 | 61.8 6.7 Fen 6.6 8.0 aod 

50 |20-10-180 |70.0 | 70.0 | 68.0 | 81.0 | 72.2 FEO VEEL .O 7. ON LOL Sa7 
q 5I | 30-2-180 |32.0 | 32.2 | 32-5 | 33-5 | 32-5 6.0 (O44) 6.9 G)ho) 6.6 
52 | 30-4-180 |35.4 | 37-3 | 41-6 | 38.8 | 38.3 7.6 9.0 8.2 9.6 8.6 
i 53 | 30-6-180 |40.8 | 40.8 | 45.3 | 40-7 | 41.9 ices: 6.8 8.0 9.0 ahi 
E 54 | 30-8-180 [54.0 | 56.4 | 54.7 | 60.6 | 56.4 Opel) FO. nO {Ons 9.6 
A 55 |30-10-180 |65.0 | 64.0 | 60.0 | 75.0 66.0 | 51250 | E50! || 12)-0 4-550) 13.5 
; 56 | 40-2-180 |26.3 | 28.1 | 29.9 | 28.2 | 28.1 8.8 8.5 9.1 9.3 8.9 
: 57 | 40-4-180 |32.3 Dee Wh 5S S35) 13304 8.9 8.9 S.5 | LO] 2 Ona 
: 58 | 40-6-180 |42.4 | 46.2 | 43-2 | 46.3 | 44.5 Oeil eT alge Adee Oy Dit ete 2 
} 59 | 40-8-180 |49.4 | 47-5 | 49-1 | 53-1 | 49-7 LOA e720 | ei5ek |) TOF |, FOs3 
7 60 |40-10-180 |60.0 | 60.0 | 59.0 6820) | 6lap | LO.O)|-1O).© |) FOnOr| 20205), 17.17 
61 | 50-2-180 |23.8 | 25-2 | 27-5 | 26.6 | 25.7 O41) “O19 9.5 9.5 9-5 
a 62 | 50-4-180 |29.5 | 28.5 32500 | 830,030. 3 )etOa5e 1 etO.4 [10.5 |p TL58\ | 10-8 

63 | 50-6-180 |36.8 Ree PE SOL Ses. 3. (SiO | besO | LL OW (0250 (1255 II.6 

64 | 50-8-180 |42.0 | 44.0 | 42.0 | 50.0 | 44.5 | 14.0 MSO LSC ih 7 Oy ek Sis 

65 | 60-4-180 |26.0 | 22.0 | 24.0 | 27.0 | 24.7 8.0 TsO 7ROwletO)© 8.0 

66 | 60-6—180 |32.0 | 29.0 | 32.0 | 36.0 | 32.2 | 12.0 | 13.0 Se Ou TAOn le hla 
: 67 | 20-4-160 |35.1 | 36.6 {| 35-2 | 39-4 2026 | 2050) (926.27) 22.0 18247 05/2374 

68 | 20-6160 |42.5 | 47-6 | 41-9 | 48.0 | 45.0 | 23.3 | 31.9 | 21.3 25.0, |) 25:5 

69 | 20-8-160 [51.8 | 47-7 | 52-4 Sf | 52k 5.0 726 5.5 7.6 Ong 

70 |20-10-160 162.0) | 60.0 | 59.0-} 73.0: | 63.5 5.0 FO 4.0 6.0 Let 

71 | 30-4-160 |28.7 | 31.4 | 29-4 | 31-9 | 30-4 27 ON e2 Onl 254 e20Gn |) 2760 
a 72 | 30-6-160 |36.2 258) 35.0) [43 23) 238.13) | 2520 2256 2259 esl a7 a 270 
3 73, | 30-8-160 |46.1 | 47.3 AOnS 1 53-4 | 43-3.) LOLS Welt ft Gos een ee |) aiteyay! 
7 74 |30-10-160 |54.0 | 57-0 | 54.0 64.0 | 57-2 820" 320 || 10.0 |) LOZ |) 10.2 
4 75 |30-12-160 |61.0 | 62.0 | 62.0 | 76.0 | 65.2 | I1.0 | 14.0 10.0 | 14.0 | 12.2 
4 76 | 40-4-160 (26.4 | 32-5 | 24.5 32.6 |-28.9 | 24.5 | 31-2 | 2683 | 35-1 | 29.1 

77 | 40-6-160 /30.9 aoe 193050 40.0 1° 35-2 I34c5 42.6 | 31-4 | 39.6 | 37.0 
: 78 | 40-8-160 |40.6 | 43.8 | 43.1 | 47-5 | 43-7 | 13-4 T2aS eM LSet OL Saale LS O 

79 '40-10-160 |48.0 | 51.0 | 50.0 60.0 | 52.2 | 16.0] 15.0 | 12.0 | 16.0 | 14.7 
5 80 | 50-4-160 |22.7 | 26.2 | 23.3 | 27-7 | 25-9 Zi.20|) SO 2oeO Neo se2 |), oo20 
: 81 | 50-6-160 |28.3 Soe te 2s Ou Beef las2-u Woon” 28289) 30.20 42)10\)) 30.3 
7 82 | 50-8-160 |36.0 | 40.0 | 40.0 | 44.0 | 40.0 T2206) 1550) et2. O01 515.07] 13.15 
5 83 | 60-4-160 |23.0 | 18.0 | 20.0 | 22.0 | 20.7 CROW Ul On EL O-ONel2) Oe T0715 
= 84 | 60-6-160 |28.0 } 25.0 26-0 | 29.0 | 27.0 | 10.0 | 10-0 CeOm met aeO 0.7 
, 8 20-4—-120 [22.7 | 25.1 j 21.9 |. 26.1.|-23.9 | 21.1 26 San 2 TON 2050 |) 23). 
: 86 pe Base 35-9) 3528" [agar 36.9 | 14.4 | 19.8 | 15.8 22.6 te 
me | 87 |20-12-120 |49-9 | 51-0 | 50.2 60.0) | 52).8) jer5-2-| 18.4 | T3e Fea Loic, LO 10 
¢ 88 | 30-4-120. |19.2 | 21.7 Lire shall eee) |i eras: 23-7 262) | 2220 Ni 20..7 pont 
= 8g | 30-8-120 |27.8 | 32.6 28:3 | 35-3 | 33-0 | 18.3 | 2 .6 | 16.5 ae Din 
; QO |30-14-120 [52.1 | 54-2 | 53-2 6023") 55-3 22,58) |) 25.00 240k || 2003 2438 
A gi | 40-4-120 16.4) 20.5 | 17.1 | 20.3 TRO WE2A Ouest || 25m. 34:7 3 ‘3 
¢ 92 | 40-8-120 |25.4 28.5 | 25.4 | 32.8 | 28.0 26n 22020 Zi 2 te 25 25% 

93 |40-12-120 |39-9 50.6 | 40.5 | 50-8 | 45-4 | 27-9 20.7 ule2Oa5 oe ate 
94 | 50-4-120 |13.4 | 21.1 | 13.8 18.4 | 16.7 27.6 | 34-9 | 24-3 — me 
7 95 | 50-8-120 |29.1 | 26.5 | 24.3.| 32-8 28.1 | 30.0 | 26.7 | 27.0 | 2 9 a 
2 96 |50-11-120 |33-7 | 34-5 | 32-0 “0-0-1 35.0 | 31.5. | 32.2 3407. 33+ 3 - 
a 97 60—-8-120 |21.0 | 19.0 | 23.0 27.0 | 22.5 13.0 | 12.0 | 14.0 TZ50) Bi 
- 


LO HIGH STEAM-PRESSURES IN LOCOMOTIVE SERVICE. 


TABLE 17.—Pressures from indicator-cards. 


. . | 

pir ie a Indicator results—Pressure above atmosphere. 
Least back. Mean effective. 

3 pease! Right side. Left side. oS Right side. Left side. Average. 
| aoe 
z neloulmelcn!| | we | CE | Bes ee. 
1 2 96 97 98 | 99 100 101 102 103 104 105 
1 | 20-2240] 3.0 | 1.7 | 342 | 2.4) | 2.6) 60.75=| Or. 22 65.69 | 53.08 | 60.19 
1d) 20-2-240] ©. | 22. | sen | see | sco5l55=5O 1 52-07 | OTST 1052. 74a ain, 
2 | 20-4-240] 2.3 | 2.3} 2.0 | 2.6 | 2.3 | 84.99 | 82.15 | 82.53 | 81.04 | 82.67 
3 | 20-6-240| 2.0 | 3.0 | 2.0 | 3.0 | 2.5 |101.49 | 97-75 | 96.27 |100 46 | 99.05 
3a| 20-6-240 re 5 98.46 | 94.927] 95.35 || 94.7 "95.72 
4A | 20-8—240| 5. 3.0] 1.0 | 5.0 | 3.5 |126.60 {113.80 |120.60 |121.00 |120.50 
5 | 30-2-240|] 3.1 | 2.8 | 2.0] 9.6 | 4.9 | 54.33 | 53-10 | 53.45 | 48-29 | 52.29 
5a| 30-2—240] ... stare a wae tet | 5OxS4e We SihX Oh) 55, OS A 5 Sena tetO 
6 | 30-4-240 65.21 | 67.80 | 67.63 | 64.66 | 66.36 
7 | 30-6-240 83 .66_| 82.90 | 83-85 | 82-06 || 832m 
8 | 40-2-240 45-07 | 46.85 | 46.39 | 40.30 | 44.64 
9 | 40-4-240 57.20 || 64..02= 50.64) | 58275 1 OOLoe 


10 | 40-6—240 
II | 50-2-240 
129 50—4—240 
13 |) 20—2—=220 
14 | 20-4—220 
I5 | 20-6-220| 
16: | 20-8—220 
17, | 30-2-=220 
18 | 30-4-220 
19 | 30-6-220 
20 | 30-8-220 
21 | 40=2—220 
22 | 40-4—220) 
23 | 40-6-220 
24 | 50-2—220 
25 | 50-4-220 
26 | 50-6—220 
27 | 60-4-220 
28 | 60-6—-220 
29 | 20-2—200} 
30 | 20—-4-200 
31 | 20-6—200 
32 | 20-8—200 
33 | 30-2-200 
34 | 30-4-200 
35 | 30-6-200 
36 | 30—-8—200 
37 | 40—-2-200] 
38 | 40-4-200 
39 | 40-6-—200 
40 | 40-8—-200 
41 | 50-2—200 
42 | 50-4-200 
43 | 50-6-200 
44 | 60-4-200 
45 | 60-6—200 
46 | 20-2-180 
47 | 20-4-180 
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HIGH STEAM-PRESSURES IN LOCOMOTIVE SERVICE. III 


TABLE 17.—Pressures from indicator-cards—Continued. 


Designation 


29.20 126.72 | 28.75 | 28.80 28.36 
54.62 | 49.40 | 52.46 | 57.87 | 53-59 
75.21 | 71.73 | 76-41 | 79.44 | 75-69 
23.48 | 23.87 | 24.13 | 24.89 | 24.09 
45-73 | 43-87 | 46-03 | 47-65 | 45-82 
72.51 | 69.80 | 71.30 | 76.65 2.56 
18.94 | 19.03 | 19.50 | 20.23 | 19.42 
40.00 | 38.42 | 40.35 | 45-49 | 40.94 
W823.) 55207 57-25: | 03.10 58.41 
14.34 | 15.40 | 14.47 | 16.97 | 15.29 
35.19 | 33-79 | 35-42 | 40.22 | 36.13 
45.2 43-70 | 45.04 | 51.17 | 46.26 
30.69 | 27.15 | 31-42 | 35.90 | 31.29 


Sa 20-4120 
86 | 20-8—-120 
87 |20-12-120 
88 | 30-4-120 
89 | 30-8-120 
90 |30-14-120 
QI | 40-4-120 
g2 | 40-8-120 
93 |40-12-120 
94 | 50-4-120 
95 | 50-8-120 
96 |50-11-120 
oF 


4 
BYWNHOHBPHONHHIP HOP NHNPNNWNNN NH 


of tests. Indicator results—Pressure above atmosphere. 
Least back. Mean effective. 
Z yee —— side. Left side. Fee Right side. Left side. Average. 
age. 
z EE |cmfaelcu) ~~ |as lee | an fon 
. 1 2 96 97 98 99 | 100 101 102 103 104 105 
Romeo feo! O-2 | Oy | Qv3 | Tot }O.6 | 70.22 TeOd [Eel S: We 72eo4 || FOROS 
Roe2O-o—EOO) GO. 5 i 2.5) || bey | 20) 1.4.) 85.94 | 83218 || 86.40 | 91.57 | 86.77 
BO }20-10-160) 2.0 | 320 | 2.0] 4.0), 2.7 |r02..74 | 96.75, |r00.26 |115.47 103.8% 
Pe oo 650) TA :O.G, | 302 | 153 | 2.2 | ar.70' | 33011-3329 | - 33.17 | 33.0% 
oA Tool Fs teS | P59) 2.5) | I-5 | 4325 | 45-28" 49.70 [841.65 | 44.07 
Seo 250)) 1 G8) 320) 2.9 52-75) 2.5 | 153.81 | 54..70° | 59.64 1253.62 | 55-44 
Pesos -FoO|| 2.27) 3-5 | 2.5) 73.9 | 3.8 74-905 1975-04 | 75-767 82.81 | 77.29 
Senet O-1G0) 6-0) O21) G20") (6).048) 6.7, Or. oO | 60.77 186.72: |LOr.Or || Or.72 
Sen 4e—2-Toolr 5 | O60 | F.8 | 1-9") 1.4, |) 27.74" |\"31.90._] 28.46. | 27.48 || 27.39 
Reo A toor To) tas-) 2.2 | 2.7 | 176 | 38.78 | 40.43 | 43.98. |°39.65 | 40.71 
e501 40-60-1680) 2-2 |) 4.1 | 2.6 | 4.6 | 3-4 | 53.54 | 55.74 | 56.01 | 59.28 | 56.14 
59 | 40-8-180] 7.1 | 6.0 | 6.2 | 6.9! 6.5 | 63.93 | 62.77 | 63.33 | 66.61 | 64.16 
60 |40-10—-180|10.0 |II.O /10.0 |12.0 |10.7 | 79.30 | 76.33 | 76.87 | 87.67 | 80.04 
Gr) 50-2180) 0.8 | F-0 | 1-9} 1.5 } 2-4 | 20.37 | 23:59 | 24.51 | 22.13 | 22.65 
625) 561-100] 1-8 |) 2.4-) 329)] 239°] 2.5 | 38.40 | 35.52 | 35.82 | 36.69 | 34.85 
63 | 50-6-180} 6.3 | 4.6 | 4.8 | 6.8 | 5.6 | 42.81 | 46.51 | 45.93 | 49.16 | 46.11 
64 | 50-8-180] 8.0 | 8.0 | 8.0 |11.0 | 8.7 | 57.66 | 54.35 | 58.09 | 63.73 | 58.46 
659|-60 4-180] 4.0 | 2-0 | 4-0!) 6.0 | 4:2 |) 20.97 | 28.27 | 31.56 | 34.13 | 30.98 
66 | 60-6-180] 6.0 | 7.0] 7.0 | 8.0 | 7.0 } 40.42 | 38.22 | 44.06 | 46.28 | 42.24 
G7 | 20-4160) 1.6 | 20 | 1-4 | 1-9 | 1.3 | 47-73 | 43-22 | 45.95 | 48.82 | 46.43 
68 20-6-160, Peroni a) Pera 2.5 |) 6328S | 56.62 | 161.76. | 67-55 | 62/05 
69 | 20-8-160) 2.1 Paueeea ate) 260.1 72.234 108.89 | 73-709 JO. 74 172-92 
70 |20-10—-160} 2.0 505 O o | 1.7 | 93.93 | 88.08 | 90.01 |105.69 | 94.43 
Fi | 30-4—160| 1.0 O | 125 2 | 1.2 | 38.78 | 36.03 | 38.07 | 40.69 | 38.39 
72 | 30-6-160) 2.0 OF 20 o | 2.0 | 54.22 | 50.84 | 52.80 | 58.47 | 54.08 
73 | 30-8160] 1.6 coal Nm argo) 5 | 2.5 | 63.24 | 64.19 | 64.90 | 69.78 | 65.58 
74 |30-10-160} 3.0 POn 3.0 Ones esa 7OlO4al Solin e2h sb. 29 lr OAT 
es 75 |30-12-160] 6.0 50) || 6.0 o | 6.5 | 90.75 | 85.97 | 86.98 | 97.84 | 90.38 
76 | 40-4-160} 1.2 Sohal ene Tele Sea20OL es) e820 5 east o 5 te s0.00) 1 33 ).40 
77 | 40-6—-160} 2.0 re eo aa aes 44-55) 643-04 || 44.03, | 50.20 45.65 
78 | 40-8-160} 3.5 PAP Ss 7, .6 | 4.5 | 53-45 | 56.76 | 56.65 | 61.44 | 57.02 
79 |40-10-160] 7.0 o | 6.0 |10.0 | 7.5 | 69.89 | 67.83 | 69.43 | 79.56 71.68 
80 | 50-4—-160} 1.1 7 lle Die | Dal Oe Bap |! BOesa |) Gee || Sean) Blas 
/ 81 | 50-6-160] 3.3 aap Qe woeies Om! 49 £20) 3993) | 3755!) 44-22) |) 40529 
82 | 50-8-160) 6.0 Ou} 620 .o | 6.5 | 51-08 | 48.02 | 51.72 | 56.80 | 51-91 
83 | 60—-4-160| 2.0 5 | 2.0 FOU 2 east sou 22e 72. P25. GOs 28. 72 25.46 
84 | 60-6-160! 5.0 o | 4.0 o | 4.7 | 34.58 | 34-12 | 36.93 | 40.43 | 36-51 
5 DT )o2o0 ee 
120 PG ta 4 Pee Ge 
2.0 On| 20 La eo) 
0.5 rh OS Fi O25 
TO Bealls ee (oan ls Ce2 
4.0 Seed i alo JO. 
1.0 A ler.S seule Bae 
5 ts! si a kes Gu) 210 
ee @ |)6-4 Oo 7 if 
TO SCO oe beat AO kin 7 
Ghd «8 123-5 De ||| Os 
pee her's fp. 2 8.5, | 7-6 
4.0 10x a FeO .0 | 5.0 


NOM NNOHNH ON HHIDW CNW OC AW NORW N HW 


60—8-120 


II2 HIGH STEAM-PRESSURES IN LOCOMOTIVE SERVICE. 


TABLE 18.—Engine performance. 


Designation of Engine performance. 
tests. 3 
Indicated horsepower. Steam pee c B. t. u. supplied. 
IASI 32 3 ; : 5 
Right side. Left side. per hour. - To engine per min. ‘oe = . 
Vv re 
~ | Ee? 128s 
Laboratory mo 3 eG ae 4 
{ee ¢ | = | Ss8u |Seee | g 
~ Ki (3) Sy Rapa’ ole pe} 

‘ TE | Ce Boeri Cums lenotal: S ~ | OBE |B Ma 8 ¢ 
g 4 ss} S eG Sag08/ 4 
| a E a | skey |Seers| = a 
g a c- | g~\ SE Se [dae Sol s 5 
3 > > Sale 3 gy ) 
4 Q a O Ws s) < O 
1 2 ~ 106 107 108 109 110 | 111 | 112 [| 113] 114 115 116 | 117 

Tbs Neos: 

1 | 20-2-240] 70.15] 68.61] 77.15] 60.54|276.45/26.29|16.16|/3.40 138, 921/122, 274|502.5|442.¢ 
1a| 20-2—240| 65.96| 60.06] 74.73] 61.90/262.65] ....] .-.-|..--] --s-+ | esac oy =) ae 
2 | 20-4—-240|101.49] 95+21|100.24] 95.58/392.52/25.33/17- 21/3. 30/191, 716/167, 135/488 .4|/425.¢ 
3 | 20-6-240]120.41|112.44|116.19|117.78|466.82|24 .09|18. 34]... -|219, 097 189, 296/469 .3/405-5 
3a] 20-6—240]/116.29/108 . 81/114. 56/109.60/449.26) ....] ..--j-2--| eeeee foeeee- eo oe > 
4 | 20-8-240/150.04)130.90]/145-41/141 .69|/568.04] ... |18.34/.---} ----- | oee:: 3 | 
5 | 30-2-240] 97.01| 92.03] 97.08] 85.17/371.29|25.48|17.00|3. 29/180, 087/157, 761 485 .0/424 .¢ 
§a| 30-2—240| 90.43) 88.37)/100.65)- 83. 501362795]... . aul. ==] ++ 2 = | eee os |e 
6 | 30-4-240|116. 33/117 .63/122.73/113.941470.64|24 .43/17.34]-++-|223 182/191, 739|474- 2/407 -¢ 
7 | 30-6-240/136. 78/131 .54/139. 46/132. 52/540.30) ...:|17.83)..-+] ----+ | «-es- . ose | eee 
§ | 40-2-240]107.09]107.99|112.12| 94.58]421.78|24.16|16.55/3- 33/194, 858/171, 200|461 .9/405.¢ 
g . 


40-4—240|136.17|147 .73|144.38|138 .02|566.30|23.86|17.42].. . .|262, 459/225, 387 463-4 
10 | 40—-6—240/173.74/163.01/176.25|162.62/675.62| .... aurea: ears 
Il | 50-2-240/118.14/127.26]/118. 80/101 . 30/465. 50/24.97,/16.95)3.07|222, 095/194; 579 476. 
2 | 50—4-240/15 3/88) LOO. 5107047) E4466) O35 520 ores a lL ress) seekeencl merece tee nn eros ee 
13 | 20-2-220] 66.06/ 61.02) 64.51] 63.74 255.33|/27.65|16.72|3.24|135, 552 118, 958|53 
14 | 20-4-220] 85.45| 82.36] 82.97| 92.07/342.85|25.80]16. 89/3 .18|170, 233/149, 825/496. 
15 | 20-6—220]109 .82|101.55/103. 51/116. 56/431 .44/25.51|17.54/3.62|209, 864/185, 337/486. 
16 | 20-8—220]137.70|124.81/132.28|138.231533.02|/25. 86/19. 30/3 -89|262, 684|229, 784/492. 
17 | 30-2-220| 79.95| 77.86] 82.80| 79.71|320.32/26.60/16.00/3.41|164, 475|143, 471/513- 
18 | 30-4-220)115.18]/105.71/112.43|113-17]/446.49|24.23]16.95|3.29|206, 173)182, 123|484. 
19 | 30-6—-220]143.48/132.66/137.11|146.24|559.49|23.59117.53/3- 34/253, 655/220, 495/451. 
20°) 1320-8—2 2017 85% 90| 268A O11 77/08| LOS LO ply e2 Se oe EO Net 5 enamel |e ene a | 34 
21 | 40-2-220} 91 O1) 95.91] 98.07] 86.46/371.46/25.58|16.43/3. 27/184, 120/159, 989/49 
22 | 40-4-220|131. 37/119 .67|/129 .48]128. 55/509 .07|23.68/16. 21|3.15|231, 158|200, 828|/454. 

3 

3 


Ne) 
+ 4 w 
Nir we 0 
M)+ CO+ © 
~~ 


PRE 
bhOWOh 
~I HO 


Oa: aROO0000!]: 
aes 
° 
~sI 
ia 


23 | 40-6-220]/176.71/156.63]/172. 48/166. 43/672.65| ....|18.14|....- 


(@) 
- 
ee) 

ue 


- 45/192, 609|167, 577|508. 


24 | 50-2-220] 92.09] 95.63] 97.39] 93.68/378.79|26.29|16.42 
25 | 50-4-220/145.17|134.66|146.02/136. 441562. 30/24.08/16.71|3.57|259, 9601226, 494/462. 3/402. 
20} §50-0—220/195 211/167. A7 1188.43) 0 Sie 35\ (732930) leanne 1 13.0) arsenal een enn |e Perales 
27 | 60-4—220]157. 31/150. 16|151.50/155.22 Cyne Celie Ree ai Rica ecvAle aol Beeson el oc oon Bee. 
28) \|, 00-6= 2201201, 64181. 50|203).29 204, 05) 70s 3S) ieee | ES s ees erel ieee eee oe 

474. 


29 | 20-2-200| 57.00] 53.38, 57.50] 55.53|223-47|28.32|17.1413.47|120, 669)105, 925/541. 
30 | 20-4~200] 69.79] 68.29] 75.31| 74.23|287.62|26.24)16.92/3.51/144, O15|126, 697/501. 
31 | 20-6-200] 95.27| 87.81] 97.95] 94.79|375.82/26.01|/18.85]... .|189, 134/164, 083)/503. 
32 | 20-8-200] 121. 16}109.63]116.84]125.27|472.90|26. 31/19. 13/3-52|237» 035/207, 744|502- 


33 | 30-2-200| 65.87| 65.43) 70.91] 66.73|268.95|27 01/16. 86/3. 48/139, 024/122, 184/517 .0|454, 
34 | 30-4200) 90.80] 90.30] 96.34] 89.65 367.09|25.70|18. 36]... .|181, 466,157, 371/494 .0|428. 
35 30-6-200/127 . 40/114. 22 I21.70|125.89}/489.21|24.91|17.59)3- 40/235, 366|207, 621/489 .0|424 


i IOLONCLOLOLO oll 
aS 
Ww 
No} 


36 | 30-8-200/162 (21/148 -21/858-541106. 78,645,731) 0s gas em oe eee be a 
37 | 40-2-200] 75.73] 78.30) 79.48] 73.07/306.58]/26.88]/16.94/3.35|159, 350/124, 196|520.0]450. 
38 | 40-4-200|117.24|110.87 I14.49|106. 28/448 .88)24.66)17.17/3.28 209, 841/184, 708)470.0,412. 
39 | 40-6-200/148 .01/154.64/142.42]160.18|605.25 24.43/17 .35|3-47|281, 077/246, 458|464.0'407- 
40 | 40-8-200]187.76|170.06|183.70 187, cAl| 728203'\, sree | LOisOS||aere ole eee etm ate oo. 
41 | 50-2-200; 85.14] 82.46] 85.40] 76.05|329.05|25.74|16.27 3.23|162, 653/142, 281/494 .0.432. 
2 | 50-4 200/112 .43)115.37/126. 11/110. 51/464. 20/25. 78|/16.98/3.27|/228, 162|199, 838/491 .0)430. 


43 | 50-6-200/178.35/16%. 31/173 .00|1602.-761675. 36) mel tolOGl . een 
44 | SO-4—200)132.99|123.85]136.93 WRG Each WO)|| Ba Goce comet axca0 |! oeo58 
45 Go 6-200 I61..17|/1§0169]|176..37\172, 70), SOnG4| 4. ORO 7 acl en ee . oa 
46 | 20-2-180) 46.73) 46.13] 50.82] 48.28|i91.97|/28.78|/19.08]....|107, 443] 92, 533|560.0\482% 


47 | 20-4-180) 65.53) 61.98) 70.42] 65.86|263.59|26.7 |17.49|....|137, 239/118, 000]520.6/447. 
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HIGH STEAM-PRESSURES IN LOCOMOTIVE SERVICE. 


TABLE 18.—Engine performance—Continued, 


Ce Fe 


es oy, 
— cits Engine performance. 
Indicated horsepower. Steam per S B. t. u. supplied. 
| Right sid Left sid Homgror ae : ;, | Perl. H. P, 
ight side. t side. s To engine per min. ne isin 
Vv 
PAS Sige law so 
; Laboratory a gee 3 352 
symbol. q - | eho. Bo 3 
B | 2 | gedy jesse g 
. i H.E.| CE.) H.E.| CE. | Tota.) | | g¢ | i | 2ogs ges ay a 
Ba] (3) 1 | ec 5 
: a] 2 | 2) eer leeeeal a | 8 
- BPH aeyo! 
a P| oad Ge | elt 
al 2 106 107 108 109 110 | 111 | 112/113] 114 115 116 | 117 
Ebs.5) Lbs: 
48 | 20-6-180| 83.71] 78.05] 86.40] 85.91/334.07/25.44 18.79}. 164, 617/142, 775/492.7|427.4 
49 | 20-8-180/102.55] 96.34/104.88]107.93/411.70|25.91 19.64}. 206, 793}178, 796|502.2|434.3 
50 20-10-180|123.02 EDZ. AOE225 E3IN3O180)494. 44) oe 220538) aol) an cuw’ | acid ive emeretecls 
51 | 30-2-180} 56.97| 59.08] 60.84; 58.86/235.15|26.54|19.28]....|/122, o21 104, 947|517-8/445.1 
52 | 30-4-180] 77.02] 78.06) 89.80] 73.07/317.15)/25.36|18.28]..../155, 986 135, 300/490. 5|426.6 
53 | 30-6-180| 95.78) 94.68)108.33] 94.48|/393.27|24.62|18.84|....|187, 092/161, 2551475.0|410.0 
54 | 30-8-180/134. 40/131 .64]136.12/144.10/546.26/24.61/19. 33]... .|260, 293/223, 808 476.5/409.7 
55 |30-10-180/167 . 12|153.31|160.60|182.73|663.77 Perot 2OAO| cdoyerslliieeuewarce, oils ores ows tll suet 
56 | 40-2-180] 51.78! 73.74] 68.95] 64.66/259.13/25.89/19.05]....|130, 004/112, 314/477 .6|433.4 
57 | 40-4-180} 92.45) 93-55/106.79] 93. 38/386. 18]/24.08/18.20]....]180, 963 155) 450|468.0)402 5 
58 | 40-6-180)126.76|128 .09/132.81/136.42)524.08/23.68 18.74)... .|240, 941/206, 287/459.7/393.5 
59 | 40-8-180)153 .66/146.43)154.88)154.94/609 .91/25.85/19.63]... -|305, 058/260, 566/500. 1 427.2 
BO |40-10-180)189.94/177 .34|187 . 28/207 .40|761.96] ...:|21217|...4) 226.00] wee ee elled cues 
61 | 50-2-180} 60.61} 68.13] 74.22] 65.05/268.02|26.61/19.63]....|138, 777/119, 506|517.2 445.9 
§62 | 50-4-180} 93.19/102.33/107 .57|107 .58/410.62/24.43/19 .16|....|195, 685/167, 367/475.2|407.6 
63 | 50-6—180/129. 24|136.27/141.14|/146.65|553.30/24.87/18.43]..../266, 663/227, 794/481. 8/411.7 
ees O—-O-TOO|L 71 -62)5 57), F175. OOlIS7 .35|092..00) ...+|TO.22|..-5) seco | voces steal Gea 
SeOO-A—EGO\1O7-O4} G7- 99) 1T4.67/T20.471|440.11) .2.-|18.15|\-.--| ..s02 | coere efovd ail. untae 
Mom tOO—-O— foo 144.3713 32 .45}100.09|163. 26/600.10) ..../18.63|..-.| ....< | «owas pee Oren 
67 | 20-4-160| 56.75) 49.87| 55-59] 57-31|219.52|28.03/17.61|/3.29|117, 708/103, 052|/538.0|469.4 
68 | 20-6-160} 76.04} 67.77| 74.84] 79.76/298.41|26.14/18.72/3.20|149, 343/130, 537/500. 4/437.5 
69 | 20-8—-160] 86.03] 79.55| 89.27] 90.20/345.05|27.52/20.17]....|183, 020/158, 183/530.5/458.4 
B70 |20-10—-160| 112 . 47/102. 36|/109.65|125.02|449.50| ....|20.86]....] ...6. | voce Ate| mendioss 
71 | 30-4-160] 69.16) 62.35| 68.92] 71.68/272.11|26.86/18.01|3.24|/140, 050/122, 386/514.6/449.7 
72 | 30-6-160| 96.79) 88.08] 95.89/103. 10/383 .86/25.28)18.20|/3.05/185, 718/164, 597/483. 8/428.8 
“73 | 30-8-160|113. 14/111 .46|118.13)/123.32/465.05/25-69/19.75]..--|231, 593/195, 954/498.0/421.3 
WA |30—-10—160/139. 41/134 .07|140. 31|150.50/564.29| ....|20.38]....| ..... | .-08- aoe 40 
20-12-00 100 33\552.94/102 160,177 141059.50) 5. -:|22-4T\.c6s| o. ne | ewan See Re ee 
76 | 40-4-160}] 77.81) 76.01| 77.30) 86.40/317.52|26.48]/17. 50/3. 39/160, 550/142, 246|506.0|447.9 
77 | 40-6—160|105.94)101. 22/106. 54/117 .96|431 .66/25 .82/18.32/3.45|/212, 645/185, 991/492 .0/430.8 
78 | 40-8-160/127 .91/131.81|137.91/145 -24|/543.87|26.44/19.66|... .|277, 611/236, 291/510.0/434.5 
79 |40-10—160]163.96|154.44|165.70/184.38/668.48| ....|21.45]..--) 2.225 | eeeee Fatal) eecoe 
80 | 50—-4—-160| 84.45] 77.31) 84.63] 91.88/338.27|27.01/17.91/3.39|/174, 730/152, 879|516.0]451.9 
81 | 50-6—-160|116.54/115.19|113.82/130. 32/475 .87|26. 12/18. 36/3 .61/238, 441/205, 128/501 .0/431.5 
82 | 50-8—160!152.01/138.81/156.58/167.00/614.40| ....|/20.24]....] «2.25 | weeee Srl tous 
Ba) GO—-4—160| 87.24) 78.74) 94.44|101.32/361.74| ..--|17-95|.---| «---+ | -24- Srasais'|t axe fexe 
84 | 60—6—160]123 61/118. 26/134 .17|142.61|518.65| ...-|18.92]..-.| ..... | ----- Ay 605) eee: 
85 | 20-4-120| 34.73| 30.84| 34.61) 33.82]134.00/32.47|19.65|3.99| 82, 864| 72, 597/624.5/541.7 
86 | 20-8-120} 64.80} 56.88) 63.30) 67.81/252.79/28.40|20. 50/3. 52/136, 930/119, 790/541 .7 473.8 
87 |20-12-120] 89.17] 82.54| 92.16) 93-04/356.91|28.88)22.45|3.64/195, 008/171, 250/547 .6/480.0 
88 | 30-4-120) 41.93] 41.36) 43.83] 43.90|171.02|30.63|/18.15|3.52| 99,672] 87, 510/582.9/511.6 
89 | 30-8-120| 81.71] 76.15] 83-77) 83.86/325.49|27.46/20.06/3. 32/170, 178/148, 819|/522.8)457.1 
90 |30-14-120] 129. 19|120.70|129.22/134.90/514.01|30. 31/25.24/4. 28/297, 524/256, 769 578.8/499.5 
QI | 40-4-120, 45.13] 44.01] 47.28] 47-62/184.04/30.18)19.93/3.52/105, 712 92, 609/571. 3|503.1 
92 | 40-8-120| 95.32| 88.85] 97.80/107.07|389 .05|27 .51|19 -91/3.41|203, 898)177, 335525 -6 pea 
93 |40-12-120,139.17|127.76|139.12|148.72/554-77 28.52'23.66/4.11/302, 109/258, 949 543-9 we 
94 | 50-4-120| 42.72) 44.50] 43.83] 44-98/176.03/33.84)23.04/3.91/113, ane se oe le 
95 | 50-8-120,104.68] 97.55/107 18|/118.18]427 . 59/28 .12|21 .60/3 .67|228, 676/197, 695/534 8/462. 
96 |50-I1—-120,136.01|127.52/138.01/151.99|553-53/29-17 25,.85|4..08/307, 342/264, 117/555-2/477.0 
97 | 60—-8-120/109.62| 94.12/114.16]126.67|444.57| ..--|22.22)..+-| oeee+ | sree Bane ecrone 


II4 HIGH STEAM-PRESSURES IN LOCOMOTIVE SERVICE. 


TABLE 19.—Steam shown by indicator. 


Designation of Engine performance. 


tests. 
Pounds steam at cut-off by indicator. Pounds steam at release by indicator. 

b3] Laboretery Right side. Left side. Right side. Left side. 

: symbol. Total. Total. 
2 [SDs Kes Loy reeds || (Gadd, Ha k-o|) CC) Ba |PEtce ss CE, 

1 2 118 119 120 121 122 123 124 125 126 127 

1 | 20-2-240|0. 2538/0. 2355 0. 2662/0. 2091/0.9646\0. 2957/0. 2756/0. 2743 0. 2407/1 .0863 
Ta| 20-—2—240, ..-- Ba) = Eons a oN stoners eaters Sao8 nc Oars oraisee aid OFF 
2 | 20-4-240, .3271| -3093) .3300|0.2992|1.2656) . 3589) .3438) .3609| .3434|1.4070 
3 | 20-6-240] .4044] .3624| .3746/0.3897)1.5311| .4502) .4110| .4149] .4398|/1.7159 
3a| 20-6—240| ..-- eo Tene aio OK 51g" sPonaps Jeac abe out sos 
4 | 20-8-240] .5051| -4396] .4861]0.4851/1.9159| .5166) .4746| .5077| .5141|2.0130 
5 | 30-2-240| .2496) .2389) .2511/0.2511/0.9907| .2617| .2653] .2730| .2801|1.0801 
5a) 30-2240) 1345H Se. [eee eee lem aa foes Poa ae eee ee 
6 | 30-4-240| .2864] .2744| .2943]0.2692/1.1243] .3089] .3118| .3266) .3098|1.2571 
7 | 30-6-240] .3451] .3270| - 3444/0. 3373|1- 3538] .3675| .3637| .3794| .3684|1.4790 
8 | 4o-2-240] .2203| .2204] .2248]0.1938/0.8593| .2423} .2404| .2497| .2287|0.9609 
9 | 40-4-240| .2614] .2751| .2789|0.2619/1.0773| .2896| .3107| .3024| .2948|1.1975 
10 | 40-6-240] .3228| .2984] .3117|/0.3098|1.2427| .3409] .3396) .3400] .3313|1.3518 
11 | 50-2-240] .2115| .2150| .2117|/0.1867/0.8249| .2258| .2416| .2341| .2124]0.9139 
12 | 50-4—240| .2594| .2411| .2826/0.2411|1.0242| .2772| .2581| .2956| .2327|1.0636 
13 | 20-2-220| .2409| .2189) .2354\0.2179|0.9131| .2673| .2506| .2624| .2531|1.0334 
14 | 20-4-220| .2881| .2785]| .2794/0.3033|/1.1493| .3182) .3083] .3077) .3312|1.2654 
15 | 20-6-220| .3800| .3420| .3484/0.3961/1.4665| .3957| .3764| .3688) .4125|1.5534 
16 | 20-8-220] .4893] .4096) .4675|1.4987|1.8651] .5454| .4549) .4836| .5031|1.9870 
17 | 30-2-220] .211I| .2051| .2175|0.2077|0.8414| .2353] .2292| .2345] .2315|0.9305 
18 | 30-4-220] .3007| .2639| .2797|0.2729]1.1172| .3027| .2796] .2971| .2919'1.1713 
19 | 30-6—220] .3386) .3182| .3281/0.3511/1.3367| .3582| .3458] .3510| .3617\1.4167 
20 


30-8-220| .4538] .4054| .4267 
21 | 40-2-220| .2020| .2070| .2074 
22 | 40-4-220] .2612| .2506| .2514 
23 | 40-6-220] .3379| .3053] .3295 
24 | 50-2—220] .1915| .1886] .1909 
25 | 50-4-220] .2417| .2406| .2438 
26 | 50-6-220| .3205| .2621| .3046 
27 | 60—4-220] .2397| .2162| .2424 
28 | 60-6—220| .3132| .2760] .3078 
29 | 20-2—-200] .2136| .2022| .2136 
30 | 20—4-200) .2455| .2466) .2660 
31 | 20-6—200] .3512] .3107] .3409 
32 | 20-8-200] .4450| .3909| .4171 


-4605|1.7464| .4680| .4331| .4375| .4625 
. 8012) 72219) 2197) - 233718 22080 
.0134| .2838] .2597] .2744| .2694 
-2941| .3538|) .3298) .3411| .3427 
.7470| .1906| .2049) .2052, .1944 
.9666| .2594| .2490] .2594| .2562 


8011 
8781 
.0874 
3674 
-7951 
.0231 


I 
I 
I 
. 1848 re) 
I 
I 
fe) 
I 
-2245| .3358] .3041| .3224| .3175|1.2798 
I 
I 
fe} 
I 
I 
I 
fo) 


. 2501 
. 3214 
.1760 
. 2405 
- 3373 
. 2310 
. 3092 
.1984 
~2572|/1.0153| .2768) 12712) 12854) 22712 


I 
I 
I 
fo) 
I 
I 
I 
fo) 
I 
I 
fo) 
fo) 
I 
0.9293] .2574| .2383] .2536| .2625|1.0118 
I 
fo) 
pe 
-3299/1-3327| .3634| .3371) .3752| .3672 
I 
fo) 
fo) 
AS 
E 
fe) 
fe) 
I 
I 
fe) 
fo) 
I 
fe) 
I 
(e) 
fe) 


- 2738 


+9470 
. 1046 


-4429 


~2062)) 23305) 5 7 2S99l 321 3lee 3425 


.8278] .2420| .2340| .2403] .2307 


.4572|1.7102| .4582] .4162|} .4309] .4644|1.7700 


33 | 30-2-200] .1890) .1905| .2013/0.1809/0.7617| .2092| .2090] .2182| .2037|0.8401 
34 | 30-4-200] .2442| .2279) .2433|0.2198|0.9352] .2602| .2617| .2719] .2617/1.0555 
35 | 30-6-200] . 3098] .2828] .2975]0.3138]1.2039] .3225| .3016] .3126] .3254|1.2621 
36 | 30-8-200) .4115} .3710| .3921]/0.4282/1.6028] .4242] .3929] .3915| .4486 6572 
37 | 40-2-200) .1871} .1835| .1794/0.1708,0.7208] .2016] .2004| .1997| .1929 -7946 
38 | 40-4-200] .2343] .2270] .2290/0.2192/0.9095| .2609} .2415] .2405] .2452 .9881 


39 | 40-6-200] .2903] .2931| .2750/0.3142/1.1726] .2993| .3052| .2912] .3243|1.2200 


40 | 40-8-200] .3862| .3508) .3679|0.3880|)1.4947| .3951| .3739| .3716 -4067/1.5473 
41°} 50-2—200] .1778]. .1709] .1773/0. 1616 

2 | 50-4-200} .2072| .2093) .2108/0.2038/0.8311| .2181| .2239| .2369| .2146|0.8935 
43 | 50-6-200} .2989] .2654| .282910.2803]/1.1275] .3108] .2772| .20918 »297811.1776 


44 | 60-4—200] .2152| .1977| .2188 
A5, |\«60-0—200) |. 2617) 233clma2ane 
46 | 20-2-180] .2024| .1860| .1991 
47 | 20-4-180] .2361| .2128) .2384 


2070 
2709 


-1794 
. 2266 


-8387| .2311| .2149) .2310] 12285 
.0076] .2849] .2335| .2892| .2562 
-7669| .2328| .2180| .2333] 12285) 
-9139] .2587| .2512] .2677| .2584 


.9064 
.0638 
-9126 
.0360 


610101010) O10 © 61 O16! 0) 0 01100) 010110) ||| OO) CONS OOO O80 © 


I 
I 
I 
fe) 
° 
x 
aE 
.6876] .1899] .1793]} .1982| .1794|0. 7467 
fe) 
I 
ro) 
I 
Oo 
I 


fee eS 


HIGH STEAM-PRESSURES IN LOCOMOTIVE SERVICE. 


TABLE 19.—Steam shown by indicator—Continued. 


115 


Designation of ; - a oo | 

tests. Engine performance. 

Pounds steam at cut-off by indicator, Pounds steam at release by indicator. 

oI 
& |Paboratory| Right side. Left side. Right side. Left side. 
g Total. Total. 
a Hea Co) Hoe | CE. Hee eCLe. CH alr Ce Ee. 
at 2 118 119 120 121 122 123 124 125 126 127 
48 | 20-6-180 0. 3116/0. 2812/0. 3059/0. 3027) 1. 2014 0. 3247 0. 3065/0. 3325.0. 3437|1. 3074 
49 | 20-8-180) .3805] .3417| .3788] .3862/1.4872] .3954| .3664| .3998] .4234/1.5850 
50 |20-10-180| .4724) .4211| .4558| .5305/1.8798| .4751| .4323| .4647| .5360|/1.9081 
51 | 30-2-180} .1884] .1722] .1857| .1637\0.7106| .2037| .1910 .2074| .2023/0.8044 
52 | 30-4-180} .2205| .2075| .2369] .1989/0.8638] .2339| .2261| .2685| .2348]/0.9643 
53 | 30-6-180} .2588) .2431| .2774| .2440/1.0233| .2732| .2602| .3006] .2684!1.1024 
54 | 30-8180) . 3441) .3360) .3414) .3600)1.3815) ©3555} .3520| .3594| .3748|1.4417 
55 |30-10-180| .4342| .3972| .4142| .4970)1.7426| .4436] .4129| .4146| .4994|1.7709 
56 | 40-2-180| .1676| .1696/ .1801] .1521/0.6694| .1782| .1815| .1998| .1841/0.7435 
57 | 40-4-180] .2115| .2012) .2234| .1972/0.8333| .2221| .2163] .2438| .2264!0.9086 
58 | 40-6-180) .2651| .2425) .2732| .2696|1.0510| .2747| .2794| .2892| .2976/1.1360 
59 | 40-8-180) .3219) -2992, .2973| .3272|1.2456| .3326) .2979) .3384| .3470)1.3159 
60 |40-10—-180| .4035] .3837] .3959] .4549/1.6380| .4035] .3960| .4138 -4607|1.6743 
61 | 50-2-180; .1620| .1531] .1712] .1472/0.6335| .1690| .1694| .1853 1766 0.7004 
62 | 50-4-180) .1968) .1877] .2092] .1917/0.7854| .2066] .2000] .2269] .2159 0.8494 
63 | 50-6—180} .2424] .2353] .2455] .2486.0.9718] .2552] .2444| .2588] .2660,1.0244 
64 | 50-8-180] .3077| .2776] .3111] .3280/1.2244) .3110] .2825) .3120] .3359,1.2415 
65 | 60—-4-180) .1893] .1713] .1924|] .1885.0.7415| .2088| .1790| .2080 2139 0.8104 
66 | 60-6—-180] .2356| .2140! .2769] .2449/0.9714! .2498) .2290! .2505! .2671 0.9966 
67 | 20-4-160] .2204| .1975| .2147| .2133|0.8459| .2411| .2247| .2121| .2439|0.9218 
68 | 20-6—-160| .2809| .2549] .2756| .2880/1.0994) .2975| .2885] .2971| .3067/1.1898 
69 | 20-8-160} .3280| .2996! .3334| .3362/1.2972| .3511| .3170|} .3586) .3705|1.3972 
70 20-10-160) -4339| .3804] .4131| .4746/1.7020] .4438] .3997| .4303] .4967/1.7705 
71 30-4-160 -1951| .1840] .1966| .1968/0.7725| .2129] .1987| .2214| .2149/0.8479 
72 | 30-6-160] .2519| .2328| .2442| .2618/0.9907| .2661, .2529| .2606) .2764)1 .0560 
73 | 30-8-160| .3054| .2884] .3073] .3110|1.2131| .3137| .3072| .3237| .3480|1.2926 
74 30-10-160| .3736| .3600] .3710) .4055/1.5101| .3736) .3724| .3871| .4139]1.5470 
75 |30-12-160| .4598| .4100] .4379| .5096/1.8173] .4574| -4314) .4547| .5160/1.8595 
76 | 40-4-160] .1872| .1836| .1741| .1890|0.7339| .1932| .1966| .1903] .2053 0.7854 
77 | 40-6-160| .2292| .2255| .2228) .2512/0.9287/ .2390| .2357| .2401 .2628/0.9776 
78 | 40-8-160, .2805|} .2750| .2856 - 2994/1. 1405 .2870| .2928] .3027| .3186/1. 2011 
79 |40-10-160| .3606| .3354| .3557| -4023)1.4540] .3661| .3520) .3761| .4154 1.5096 
80 | 50-4-160] .1695| .1662| .1752| .1817|0.6926| .1827| .1793] .1912 .1954|0.7498 
81 | 50-6—160] .2169|] .2169| .2084| .2336/0.8758| .2260) .2197| .2208/ .2433 0.9098 
82 | 50-8—160] .2814} .2529| .2763| .2927|1.1033| .2897| .2622| .2852 . 3069/1. 1440 
83 | 60-4-160] .1684) .1541| .1684 -1672/0.6581 .1811| .1625| .1773| .1871|0.7080 
84 | 60-6—160] .2158] .1875| .2169| .2237 0.8439] .2181| .2c24] .2264| .2368|0.8837 
8 20-4—120| .1630| .1471| .1607| ~1519|0.6227| .1816] .1650| .1813 .1792|0.7071 
86 jk Je, a ols .2432| .2712|1.0164| .2717| .2480] .2791| .2867)1.0855 
87 |20-12-120| .3903] .3425| .3756| .4098)1.5182 .3860| .3535| .3846| .4164]1.5405 
88 | 30-4-120|] .1456) .1412| .1480 .1452|0. 5800} .1675]} .1597| .1613] .1367|0.6252 
89 | 30-8-120| .2343] .2146| .2283 .2474|0.9246| .2381| .2302] .2424] .2551/0.9658 
gO |30—-14—-120} .4127| .3744 -4048] .4386|1.6305| .4153] .3869] .4187| .4435/1 6644 
QI | 40—-4—120|) .1379) .1349| -1402| .1332 0.5462) .1523| .1481] .1570 - 1601/0. 6175 
92 | 40-8-120] .2205) .2078 .2158| .2380/0.8821| .2225| .2163) .2259 -2399|0.9045 
93 |40-12-120| .3269) .3186| .3213| - 3581/1 -3249| .3296] .3313] -3330) papain a0 
94 | 50-4-120| .1343] 1331] -1207| .1331/0.5213| .1412) .1552) .1454 . 1464/0. 5882 
95 | 50-8-120| .2272) .2042) .2112) .2337 0.8763] .2459] .2053] .2236 -2393/0-9744 
96 |50-11-120| .2818] .2509 .2756| .3086/1.1170| .2902) .2707| .2870 314011 si 25 
97 | 60-8-120| .1988| .1752| .2045| .2062 0.7847| .2053} .1872| .2161) .2318)0.8404 


I16 HIGH STEAM-PRESSURES IN LOCOMOTIVE SERVICE. 
TABLE 20.—Cylinder performance. 
Designation Engine performance. 
of tests. 
oT err 
Pounds steam at compression by EB = 3 5 a § g a a3 
indicator. og % - % 3 KS F gs 
oD Ye |Bouldog| ga 33 
Laboratory| Right side. Left side. 3% ozs seeisce| es | 2 
Ee eby| abe Beeigas| 8s | Be 
: Total. Ee 58 goo got £3 ei 
an Oe ake Oo 0.4 4 AB) HAs 4 Hi 
2 H. Ee |-}C. E. | Ho E | Cer cee S é 2 E g 
1 2 128 129 130 131 132 133 134 |135|136| 137 138 
: Lbs. Lbs. Lbs. Lbs. 
1 | 20-2-240/0.0771|0.0708|0.0785/0.0719|0. 2982/1. 2819|1 . 5801/61.0/68.7/0. 1217 2.4958 
|| ZOO), Aa tipeoomol 4) woos. || once rea WIG O SOLAN DIC roe Ronit ‘app eee 
2 | 20-4-240| .0667| .0621| .0666| .0629| .2583)1.6940|1.9523/64.7|72.1| .1414|2. 1122 
3 | 20-6-240] .0638| .0597) .0596) .0634) .2465|1.9300/2.1765|70.3)79.0) .1848)2.3000 
ROM) C=C PO) Soci || Gaeece | size || sods 63x oOo aes. Ace al| Goole) 6 5 ss 
A | 20-8-240] .0563] .0571| .0508] .0587| .2229) .... | .... «2 2| ~0972|0..99057 
5 | 30-2-240) .0868] .0838| .0869| .1026] .3601/1.0790/1.4391/68.7/75.0] .0894/2.1110 
Bill BO—P—PO)| Gas) esa) Seca |) sous Res aero h | cre eee Pr ea 
6 | 30-4-240| .0818) .0803| .0818| .0818] .3257\1.3120)1.6377|68.6|76.7| .1328/2.4700 
7 | 30-6-240] .0677| .0709| .0702| .0698) .2786) .... sistas” ||\euspenailters sill) a2 52] MeO 
8 | 40-2-240| .0934| .0894] .0922| .0875] .3625,0.8735|1.2360|69.5/77.7| .1016|/2.8105 
9 | 40-4-240| .0886| .0850]} .0891| .0905] .3532)1.1565/1.5097|71.4/79.3] .1212|2.4700 
TO: | 40-6—240|9..0978)) 0973.09 10] sesOS4 Oe G71 Ol erere rete amet stettet alls 22s | LOOT 2. 0055 
11 | 50-2-240} .0936| .0984) .0995] .0929| .3844/0.7801)1.1645|70.7|78.4| .0890|2.8490 
12 | 50-4-240] .1050| .0876] .0941| .0920}. .3787| .... aoie.e- l|ne, evel|lse wie] OZOAOLOOoe 
13 | 20-2-220] .0758| .0745| .0763| .0721| .2987|1.3028/1.6015|56.9|64.5| .1203|/2.7382 
14 | 20-4—220|] .0714| .0700| .0671| .0685] .2770|1.5110/1.7880|64.3)70.8| .1161|1.9911} 
15 | 20-6-220] .0651) .0679] .0603] .0613] .2546|1.8839/2.1385|68.6|72.8] .0869/1.1769 
16 | 20-8-220] .0646] .0568| .0564] .0558) .2336/2.3496|2.5832|72.2/76.9| .1219|1.3419 
17 | 30-2-220| .0861| .0808} .0822| .0965] .3456|0.9726|1.3182|/63.8/70.6| .0o891/2.7350 
18 | 30-4-220] .0775| .0772| .0773] .0O761| .3081|1.2225|1.5306|72.9/76.5| .0541|1.0624 
Ig | 30-6-220| .0742| .0784| .0730| .0729| .2985|1.5033|1.8168)73.8/78.2| .o800)1.2549 
20) || 30-8-—2201| 107 50|, 20593] .0643|". 0000) 72681) 22 Weer) Wer- rein |O5 49) OnOOreE 
21 | 40-2-220] .0934] .0857| .0942| .0837] .3570|0.8110/1.1680|71.7|75.2| .0769|2.4257 
22 | 40-4-220] .0907| .0792) .0982) .1129| .3809/1.0320/1.4131|71.7/77.0| .0740)1.6990 
23 | 40-6-220| .0869]" 0797 -O801| 0832] 9.3200) fern | sere ol rate te ienel O74) eae 
24 | 50-2-220] .0923] .0935| .0947| .0887) .3692/0.6819|1.0511/71.0/75.7| .0481/1.8545 
25 | 50-4-220| .0924] .0913] . 1040) .0919| .3796/0.9270|1.3066/74.0/78.3] .0564|1.4663 
26 4) 500-220) 7.0075) — 09170555) OSS hm 5 on meee wviee [sewelowe | sO553itenOs5 
27 | 60-4-220) .1012] .099I] .0917| .0949] .3869 ta |! x se-l-s--| .0825/2.3548 
23" | 60-6-220)) 1143/0 1021 | eeZOl7 e133 mA 212) eee ein eel eee OGG 1.4974 
29 | 20-2-200] .0748| .0728] .0752| .0685| .2913|1.0865|1.3778|60.0/68.7| .1192/3.1160 
30 | 20-4-200| .0692) .0704| .0657| .0636| .2689|1.297)|1.5668/64.7/70.5| .0893/1 - 8065 
31 | 20-6-200] .0592| .0597| .0544] .0590] .2323/1.6730|1.9073/69.8/75.5| .1102 1.7130 
32 | 20-8-200) .0597) .0594] .0529] .0540] .2260|2.1325)2.3585/72.7175.2| .0598 0.7378 
33 | 30-2-200) .0832) .0810) .0831| .0755| .3228/0.8288]1.1516|66.1/72.9| .0784 2.5524 
34 | 30-4-200| .0745) .O715| .O710] .0705| .2875/1.0756|1.3631/68.7/77.5 1203|2.8700 
35 | 30-6-200] .0716) .0682) .0702| .0706| .2806/1.3896)1.6702/72.1/75.5| .0582|1 .0432 
308 530-8—200| 0.0774. O730( 0602) O73 7) |ney> O17 ee mean | ee |e | 0544/0.7650 
37 | 40-2-200] .0922) .0845| .0877| .0857| .3501|0.7053]1.0554|68.3|75.2 0738|2.8136 
38 | 40-4-200) .0856) .0805| .0822] .0803] .3286|0.9471 1.2757|72.0/78.2| .0786|2.0468 
39 | 40-6-200] .0841| .0828] .0754| .0779| .3202/1.2658|/1.5860 74-0)/76.9| .047410.9147 
40 | 40-8-200} .0868] .0798| .0780} .0864] .3310] .... sree Jeeeelee..| .0526]0.8500 
41 | 50-2200] .0906} .0854| .0939| .0913] .3612/0.5800|0.9412|73.0 79-3) -0591/2.6440 
42 | 50-4-200) .0939| .0858| .0893] .0853| .3543/0.8183]1.1726|70. 8/76. 2 0624|1 .9606 
43 || 50-6—200]) 50930) 508 11|E.O8C0le 089153122 amare eee en O501|1.0842 
44 | 60-4-200] .0925| .0887| .0916| .0853] .3581| .... a|\s<.60| .O07 7i2u2mey 
45) |, 60-6=200]| 71092)| 509045940) NtO©902) 3877) a eee eel eee | .0562|1. 4912 
46 | 20-2-180] .0721 -0659| .O711| .0680| .2771/0.9472|1.2243|62. 3 I 
47 | 20-4-180] .0634| .0579| .0639| .0636| .2506/1.2016|1 ie Pete! es He Me 
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TABLE 20.—Cylinder performance—Continued. 


Designation 


of tests. Engine performance, 
S rel : ge. oy oq og 4 ys 
Pounds el a ot by Se 3 2 EE 33 B : : 
aae 2 he 3 eral [= fdas fe WL Ae I 
Laboratory| Right side. | Left side. a eg 5 a8 & a & 28 est 8 
ain ce | See legelses! 83 | ba: 
Total. | HUY | B'S [FHolgse] as ah 
2 bo mF |OU 5 ov go ase 
Z Be POR) BOE. | Cor: eka | ose et | 
2 om Ay = rod 
1 2 128 129 | 130 131 132 133 134 |135/136| 137 | 138 
Lbs. | Lbs. Lbs. | Lbs. 
48 | 20-6—-180/0.0598 0.0552/0.0595/0.0586/0. 2331|1.4510|1.6841/71.4/77.6]0. 1060|1. 8601 
49 | 20-8-180] .0538) .0482) .0500] .0521| .2041/1.8234|2.0275|73.3/78.2| .0978|1.3910 
50 |20-10-180| .0466) .0503] .0486] .0489) .1944| .... | «... |....|.-..| .0283/0.3365 
51 | 30-2-180| .0745| .0683) .0746] .0726) .2900/0.7105|1.0005|71.0|80.4| .0944|/3.5300 
52 | 30-4-180| .0800) .065T| .0839| .0687| .2997|0.9275|1.2272|/70.4)78.6| .1005|2.7615 
53 | 30-6-1S0] .0700) .0563] .0649| .0645| .2557|I.1050|1.3607|75.2|/81.0| .0791|1.7630 
54 | 30-8-180] .0619) .0625 .0586| .0581| .2411/1.5480/1.7891/77.2|80.6| .0602/0.9720 
55 |30-10-180| .0621| .0628| .0602| .0662) .2513] .... eu ile ee ioe <O2 7TO1ON3 759 
56 | 40-2-180| .0874| .0714| .0844| .0782| .3214/0.5737/0.8951/74.8|83.1| .0742|3.3500 
57 | 40-4-180| .0806| .0719| .0794| .0754| -3077|0.7940|1.1017|75.6/82.4| .0753|2.2822 
58 | 40-6-180| .0745) .0687| .0763) .0718) .2917|1.0673]1.3590|77.3/83.6) .0859/1.9030 
59 | 40-8-180| .0789) .0720| .0727| .0771) .3007)1.3354/1 6361|76.1/80.4| .0703/1.3611 
60 |40-10-180| .0747| .0732| .0751| .0796| .3026] .... | .... |....]....] .0360/0. 5556). 
61 | 50-2-180| .0869, .0809| .0892| .0832] .3402/0.4880/0.8282/76 4/83.5| .0668/3.6400 
62 | 50-4-180| .0861) .0776| .0853] .0802| .3293 0.6885|1.0177|77-2/83.4| .0640|2.2706 
$3 | 50-6-180) .0880) .0789| .0849 .0841| .3359)/0.9280|1.2639/76.9/81.0] .0526|1.4090 
64 | 50-8-180| .0902| .0770) .0864 FOTOOW 23ST cami | leew Mcere alti eaall OD 7 010.3592 
65 | 60-4-180| .1022) .0854| .0835 BOS 30) 3550 ease eee | |ce cir ail mr sOOOO| 2.17495 
66 | 666-180) .0996, .0915! .0859| .0817 Sill oop Sa reull eae eTO2 50067302 
—160| .o6 .0661| .0655| .0629| .2599|1.0536/1.3135|64.4|70.2| .0759|2.0100 
Ee Bes qe .0647| 0561] .0555| -2351|1.3245)1.5595|70.5|76.3| -0903 beets 
69 | 20-8-160] .0508) .0478) .0492) .O510 .1988|1.6229|1.8217|71.2/76.7| .1000 aes 
70 |20-10-160| .0455| .0437) -0431| .0433 SO) ere te | sree feseeferes .0685|0.89 ° 
71 | 30-4-160| .0717| .O70I| .0743) .0709 . 2870/0. 8323\1.1192/68.9|75.7| .0764|3-240 
72 | 30-6-160| .0670| .0678) .0632) .0622 .2602|1.0071|1.3713|72.7|77.0| .0653]1.4913 
73 | 30-8-160) .0635| .0613, .o611 .0612| .2471\1.3594/1.6065|75.6|80.0 os 1.5204 
74 |30-10-160| .0638) .0586 20504) 70575) - 2303) @ ees: | seem |e. .03 ee 
75 \30-12-160| .0555| -0544| -0549| -0550 A teyel || eicics ff eva see's ens .0422 a 
76 | 40-4-160| .0780 .0806| .0738| .0789] .3113|0.7176)1.0289|71.3|76.4 ae mae 
77 | 40-6-160| .0785| .0772 .0697| .0738] .3002/0.9541|1.2543/74.0/77-.9 oye cept 
78 | 40-8-160| .0758| .0705) .0692| .0755| - 2910/1 .2237|1.5147|75-3)/79-3) -O ae os 
79 |40-10-160| .0636| .0717 $0035) .O063) 2058) oie || = ste a | ee iomill O99 Pees 
80 | 50-4-160| .0801|) .0845 .0843) .0861| .3351|0.6251/0.9602/72.1 ti I s0572 ar ee 
81 | 50-6-160] .0796| .0793) -0753 .0778| .3120/0.8497|1.1617/75.3|/78.2 en ove 
82 | 50-8-160] .0851| .0708) .0709) MOOZ ON 2 COO lies chee | Ualevske If'= clic il/atoues ee Ne 
83 | 60-4-160| .0978 POTS 72050! 0702) 5337 T\t- oer Pears || 3 em ee a Aer 
84 | 60-6-160| .0903| .0758] .0795| .0788] -3242) .--- | e+++ Tevetheertl = a | 3488 
85 | 20-4-120| .0608] .0649) ea . 0638) ie ees pe cae ae oe ee 
—120| .O491} .0498| .0483|) .0475| .194 ; : A : ‘ 
gy [acento] ota] cota] <o578 0950) 688 7052 Sa gia | Secs Se 
—120| .072 ri, | .0627| .OO71| . , 4\66. A 5 
2 a ae .0559) -0539 See a : ae eas lel ya A kee 
= .0458| .0452| .0450] .04 2 jl. . -7| - 
we cal oF eo 0765 po146 . 3023/0 ae pee De re ain, eae 
: QI45\1. 5 Hel] 3 : 
92 | 40-8-120) .0638) .0641 .0576| “05 2443|0 Peels alaeel (0ssqio\ 7475 
0-12-120| .0598| .0698| .0545 .0560| .2401\1.3503)1.- oe 0h eh 
a4 | gorge t20) “o8or| 0835 O77 2165 35On Ate Tassos] 085160 
0698) .0660| .0689] .2821|0.823 53179 
0) Betesabiees | Meh pert 6|1.2867|86.8\90.3| .0455|1.2137 
-120! .0658| .0624| .0602) .0648/ .1932|1.093 : 
s eee 10762 .0692| .0644| .0672| .2770 ~» || soasloaoadllmociol cos siirc eve: 
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TABLE 21.—Performance of the locomotive as a whole. 


Designation of tests. Locomotive performance. 
¥ Dyneavonse Machine friction. Steam Coal 
e geet Sh Daa Pet i n oe Dn Pp 
symbol. - BS Ge Bam rar 
2 = power. | M.E.P. | TP’ | ‘power. | Per hour.| or, 
1 2 139 140 141 142 143 144 145 
Lbs, Lbs. Lbs. Lbs. 
I 20—2-—240 4690 242.41 7.41 23 34.04 29.99 ZaOi 
1a 20—2-240 Foe pene es seers Brice Mice. a esis 
2 20-4-240 | 6690 | 357-59 7-36 8.90 34-93 | 27-77 | 3-63 
3 20-6-240 7626 405.02 13.16 n3Ze30 62.08 Dae? 5.01 
3a 20-6-240 5050 bons a0 0 Ac Se pearene Siewens ae 
4 20-8-240 are erate 2 Bio.e eer Suds Seb eAc ari: 
5 30-2-240 4554 364.04 1.02 | 1-95 7-25 25.99 3-35 
5a 30-2-240 Sys ne ders ees aes Oat tee 
6 30-4-—240 4897 391.08 II.21 16.90 79.56 29.39 4.68 
a $0-6-240 Bid.OlC wees Leen agi. Sent eee ae 
8 40—-2—240 3370 358.46 6.70 15.00 63.32 28.42 B02 
9 40—4-240 4259 453-45 12.06 19.90 112.80 29.80 4.81 
10 40-6—240 jB08 hates Stic S656 Bice S erat ee 
II 50-2—-240 2979 404.73 6.02 13.00 60.77 28.73 Bn 
12 50-4-240 errr ps mene arate erate Sante Siigttes 
rig 20—2—220 4431 22472 437 8.06 20.60 ZO 10) 3-55 
14 20-4-220 | Engine on blocking. 
15 20-6-220 | Engine on blocking. 
16 20-8—220 9190 491.63 8.68 770 41.39 28.04 4.23 
17 30—2-220 3360 268.42 Foot 16.20 51.90 31.75 4.08 
18 30—4-—220 4764 380.86 9.38 14.92 65.63 28.14 3.86 
19 30-6—220 6239 499.14 8.50 10.78 60.35 26.43 3.74 
20 30-8-220 Scie Butts ato wine ots ne 
2 40-2-220 2927 312)..07 6.14 15.70 58.49 20,347. 3.88 
Dey, | 40—4-—220 3963 406.20 10.87 20.20 102 .87 29.68 3.95 
23 40-6-220 sivahel i Ceti Pee Re eet seta 
24 50-2—-220 2255 300.24 Guy 20n 7,0 78.55 PAEX Ste! 4.35 
25 50-4-220 3617 481.62 6.81 I 80.6 . 
26 50—6—220 Spek oat poi ae a ae 
27, 60-4-220 ne i w 
28 60—-6—220 aie Mor £66 =% of ie 
29 20- 2-200 3571 189.64 7 hte) 15.20 33.83 2253S 4.08 
30 20-4-200 4943 202.21 5 37 8.80 25.41 28.79 3-85 
31 20—-6-200 6309 337.07 7.95 10.30 Sone S 29.01 4.38 
32 20-8-200 | 8375 | 445.50 5.86 5.80 PEO || ipso lh S678 
33 30-2-200 | 2965 | 237.41 4-43 | 11.70 31.54 | 30.66 | 3.94 
ot ee ote 3847 307.40 S37) 16.20 59.69 | 30.69 | 4.39 
—200 5380 0.0 8 : 
ne Poenees ae ce *s 9 33 12 ee 59.12 28.33 3.87 
37 40-2—200 2257 240.46 6.97 21.50 66.12 3} 127 28 
38 40—4-—200 3622 386.1 6 868 . 
39 40-6-—200 Shanes Oe dae 4 a 3 ea Seis es Shc 
40 40-8-200 ereiet Gru % BOO. Sens i ay 
41 50-2-200 1799 239.49 7.56 Zi 20 89.56 5.73 ay 
e . 35-73 4-44 
42 50—-4-200 343 8.02 60 
43 50—-6—200 SOF fs a 3h : ‘ve oe oe he 
Pr as ae ase See 
45 60-—6—200 arabes Moth se Goes E 
46 20-2-180 2814 150.47 8.74 21.61 re ar 1 BE 
E : . 2 41.49 260571 4.86 
47 | 20-4-180 4195 224.50 8.22 14.83 39.09 31.42 4.26 
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TABLE 21.—Performance of the locomotive as a whole—Continued. 
Designation of tests. Locomotive performance. 
3 Dynamom- Machine friction. Steam Sel 
= anpeatory oath thi ‘ per z Wen 7s 
) . s ad = ‘ Ae Sx -AE. 
= ae es coue: Mowe Pz ges ak pases per hour. Fae 
1 2 139 140 141 142 143 144 145 
Lbs. Lbs. Lbs. Lbs. 
48 20-6-180 5377 287.33 9.89 13.99 46.74 29.58 Apely 
49 20-8-180 6900 268.60 9.08 10.47 43.10 28.94 4.36 
50 20-10-1890 wees Sore 805 bie: Beets aa SOc 
51 30—2—180 2179 174.92 8.48 25.70 60.83 B57 4.24 
52 30-4-180 3283 261.05 8.05 17.90 56.95 31.00 4.45 
53 30-6-180 4188 334.48 8.26 14.90 58.79 28.95 5.00 
54 30-8-180 5856 470.15 ro.74 13.90 FO att 28.60 5-33 
55 30-10-180 Si ss See eee f ahs: conyers eae wei. 
56 40—2—180 1726 182.57 8.20 29.93 77.56 36.90 4.34 
oy 40—4—180 2890 308.54 8.18 20.09 77.08 30.15 3.73) 
58 40—6-180 4039 427.88 10.31 18.36 96.20 28.98 4.94 
59 40-8-180 5142 553-30 5.95 9.28 56.61 28.50 5.22 
60 40—-10—-180 ae ik Sts Age. fered 3 Bi arenes 
61 50—-2-180 1305 173-80 7.96 35-13 94-18 40.47 4.82 
62 50-4-180 2249 298.89 9.48 BRADY ELL 7 7 33.56 Ani 
63 50-6-180 | 3355 | 453-44 8.35 | 18.11 99-96 | 30.36 | 4.57 
64 SOS TSO mtn 7. a Sars ee Det 
65 60—4—1 80 pies iets 
66 60—6—-180 Rest Bees ec wate 
6 20—4—-160 3281 174.69 9.48 20.42 44.83 35.25 4.14 
63 Sie eX 4731 252.20 9.76 15.50 46.22 30.94 22799 
69 20-8—160 5939 316.42 6.07 8.32 28.65 30.01 4.36 
fo) 20-10—-160 Btls 3:16 Sous at +e aoe Bibeln Fiiouc 
- 30-4-160 2655 211.90 8.49 22 AEE 60.18 34.50 Ants 
5 (22 30-6-160 3786 302.50 II.45 DES Sr 30 32.08 3.87 
Fie 30-8-160 5130 410.86 7.61 62 54-19 29.07 yore 
74 30-10-160 aes eee mae 
75 ZO—-12-166.| =. Se ote 
76 40-4-160 | Engine on rena 
40-6-160 | Engine on blocking. 
ue 40—8—160 4466 478.44 6.79 II.9O 64.43 30.06 4.78 
O-10-160 hess ees are aon alone sueetNs actos 
bo + 50-47 100 1918 | 255.60 6.97 | 24.40 B2:7O1) 35°75 | 4-36 
81 50-6-160 | Engine on blocking. 
82 50-8-160 Shave oe 
83 60—4-160 sideits 
84 6G-—G-1605)) cu Sahih eee cue aot a ae 
: 22.0 29.50 4l. : 
85 20-4—120 1960 104.50 6.25 ree sgn eee ia 
86 20-8-120 2700 143-39 23-15 43- - ee 5 
87 20-12-120 6157 226.73 6.40 8.45 30.1 31.5 og 
So 1- ©  gO=4-120 1277 102.08 aga 40.31 68.94 51.30 5-9 
89 Z0—5—120 3369 269.46 ai ueore ae ee pe 
= .58 1.89 2e6X 135 : : 
fete) 30-14-120 6258 500.5 . 4 er 
— 1190 126.95 6.04 3u. 10 57. Ag 
eS ie aoe ees 287 .68 10.60 25.80 100.24 37.20 4.60 
5 40-12-120 5060 540.81 1.49 2.55 14.16 pi 4.22 
94 50-4-120 866 aye. 5.26 34.40 60.59 51. : 5-93 
95 50-8—120 2804 373-45 4.55 12.60 are oo? are 
96 5O-II-120 3513 472.90 6.74 14.56 0.63 34.15 4. 
97 60-8-120 | ....- Src arene An ag Sitpole Scat sie 
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TABLE 22.—Comparative performance of the locomotive assuming irregularities in the results 
of individual tests to have been eluminated. 
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TABLE 22.—Comparative performance of the locomotive assuming irregularities in the results 
of individual tests to have been eliminated. 


Designation of Corrected locomotive performance. 
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APPENDIX III. 


DATA CONCERNING LOCOMOTIVE BOILERS. 


For the purpose of securing information concerning the weight of boilers 
designed for different pressures and for different capacities, the assistance of 
the Schenectady Locomotive Works, as represented by Mr. J. E. Sague, was 
sought and generously given. The following from the correspondence shows 
the nature and extent of the information request. 


1. Weight of boilers for different pressures—Locate the general lines of a 
representative radial stay, moderately wide fire-box boiler having 2000 feet 
of heating-surface as shown by fig. 120. By general lines of the boiler is 
meant the outline and dimensions without any reference to thickness of 
plates or character of joints. Making use of this outline, the following 
information is desired: 

(a) Weight of complete boiler when designed for 160 pounds pressure. 
(b) Weight of complete boiler when designed for 190 pounds pressure. 
(c) Weight of complete boiler when designed for 220 pounds pressure. 
(d) Weight of complete boiler when designed for 250 pounds pressure. 
(e) Cubic feet of water when filled to middle gage. 

(f) Cubic feet of steam space when the water is at middle gage. 


An alternative plan.—If the data on file should be sufficient, it is possible 
that work can be saved and the information desired obtained by plotting the 
weight per foot of heating-surface of certain existing boilers in order that the 
relation between weight of boiler and the pressure to be carried may be shown. 
This is the relation which it is desired chiefly to establish. 


Fic. 120.—Proportions of boiler accepted as typical for purposes of comparison. 


2. Weaght of botlers for different capacities—Design four boilers for a 
steam-pressure of 160 pounds, all to be of the same type and to agree in 
general layout with the boiler covered by paragraph 1, except that in this 
case the following information is required. 


(9) Weight of boiler having approximately 2000 feet of heating surface. 

(i) Weight of boiler having approximately 2500 feet of heating surface. 
(7) Weight of boiler having approximately 3000 feet of heating surface. 
Q) Weight of boiler having approximately 3500 feet of heating surface. 
(k) Cubic feet of water in eachof above boilers when filled to middle gage. 


(/) Cubic feet of steam space when the boiler is filled to middle gage. 
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Explanation.—The information asked for under paragraphs 1 and 2, when 
taken in connection with results from the laboratory, should permit a logical 
development of the question as to whether it is better to build larger boilers 
or stronger boilers when it is desired to increase the power of a locomotive. 

3. Cylinders.—The diameter and weight of cylinders, including pistons and 
valves which could be employed in connection with a boiler having 2000 feet 
of heating-surface, assuming the boiler to carry each of the following pres- 
sures: (m) a pressure of 250 pounds; (nv) a pressure of 220 pounds; (0) a pres- 
sure of 190 pounds; (/) a pressure of 160 pounds. 

Explanation.—The purpose of this information is to determine the saving in 
weight of the machine parts resulting from the use of high steam-pressures. 


The response to this inquiry, as prepared by Mr. F. J. Cole, mechanical 
Engineer, assisted by Mr. C. D. Hilferty, covered the following particulars: 


The information requested is covered by the several tables accompanying, 
values for which were obtained as follows: 

For table 23 the boiler used on order S-155 was taken as a basis and tubes 
were made 14 feet long. 

The actual weight of the boiler b was known as designed for 190 pounds 
pressure. The weights for the other pressures were obtained by figuring the 
change in weight of boiler parts as thicknesses were modified to suit the various 
pressures, subtracting this change of weight from boiler 6 for boiler a and add- 
ing it for boilers c and d. 

The volume of the water was figured from actual weight in boiler b at 190 
pounds pressure with two gages and approximate corrections made for varia- 
tions of sheet thicknesses in boilers a, c, andd. Steam volumes were obtained 
by multiplying the area of segment of circle above water line in second ring 
by the mean length of steam space. The volume of dome was neglected as 
balanced by bracing, etc. 

Verbal request was made for the addition of the column of ratios showing 
weight of boiler per square foot of heating-surface and a comparison of this 
figure with that of a number of boilers of similar type. 

Satisfactory figures for the latter part of the request can not be given except 
as special boilers are chosen because of the large variation in the percentage 
of heating-surface involved in the tube area. The boilers of engines 5377 and 
5508 are examples. They carry the same pressures, have same diameter 


first ring; 5,377 is 11.66 and 5,508 is 19.57. 
TABLE 23.—Boilers for different pressures. 


[See fig. 120 for general design. ] 


Weight of boiler 
5 Cubic feet of Cubic feet of per square foot 
Boiler. Pressure. Weight. water. steam. of heating- 

| surface. 
a 160 30679 262 | ahve, 15.16 
b 190 32913 265 72.5 16.26 
c 220 36076 267 | Helene: 17.85 
d 250 38953 270 74.4 19.22 
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Table 24 is based on boiler-cards, as noted intable of miscellaneous informa- 
tion, and weights and volume were figured same as for Table I. 


Table 25 is based on weight of actual cylinders of boiler c with parts. 
weights are estimated, employing same method as used with boilers. 


Other 
In 


changing cylinder diameters, the tractive power of engine is considered as 
a constant, and cylinders changed to offset pressure changes. 


TABLE 24.—Boilers for different capacities. 


{See fig. 120 for general design.] 


Extent 
Boiler. pens Weight. Cubic feet of water. Cubic feet of steam. i ieee Psenes a3 
face, e f heating-surface. 
feet. 
g | 2000 30679 262 Fi o5 15.16 
h 2500 36321 310 72.8 SUA ate 
t 3000 41013 322 Gtk ® 13.61 
7] 3500 42894 352 S27 12.26 
TABLE 25.—Cylinders. 
: : Weight of cylinders 
Shee Boiler. Pressure. Cylinder diameter. including valves 
C and pistons. 
Inches. 
m d 250 164 II ,620 
n c 220 18 II ,990 
to) b 190 19 172), 240 
p a 160 204 12 ,580 
TaBLS 26.—Dimensions of boilers designed for different pressures. 
er ‘Tubes. Grates. 
Boiler, | Based on card No. eee 
Inches. No. Size. Length Length. | Width. | Area. 
Inches. Feet. Inches. Inches. | Sq. ft. 
a 138 S 5250 63 252 2 14 90 60 a7 
b Do. 63 252 2 14 feXe) 60 Ropes 
G Do. 63 252 2 14 90 60 37-5 
d Do. 63 252 2 14 90 60 37-5 
TaBLE 27.—Dimensions of boilers designed for different capacities, 
1D, Tubes. Grates. 
Boiler. Based os card Order Ist 
oO. No. Mine Size. | Length Length. | Width A 
Inches No. | Inches. Feet. Inches. Tiches Sak 
? 138 S 5250 121 63 258 2 14 90 60 27 a4 
Do. 155 69 326 2 14 102 65 46.1 
S pee Eng.5613) 67 | 338 2 16 102 65 46.1 
13 5040 135 70% | 396 2 16 96 75 50.0 


APPENDIX IV. 
AN EXHIBIT OF TYPICAL INDICATOR DIAGRAMS. 


This exhibit consists of cards representing eight different tests for each 
of the several pressures. The diagrams are designed to be accurate repro- 


ductions at full size of actual cards as taken. 
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